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HEARING ON OCEAN OBSERVING SYSTEMS 


THURSDAY, JULY 30, 1998 

House of Representatives, Subcommittee on Fish- 
eries Conservation, Wildlife and Oceans, Com- 
mittee ON Resources, Washington, DC. 

The Subcommittee met, pursuant to notice, at 10:05 a.m. in room 
1324, Longworth House Office Building, Hon. Jim Saxton (chair- 
man of the Subcommittee) presiding. 

STATEMENT OF HON. JIM SAXTON, A REPRESENTATIVE IN 
CONGRESS FROM THE STATE OF NEW JERSEY 

Mr. Saxton. The Subcommittee will come to order. 

I want to thank everyone for the extraordinary effort in prepara- 
tion for this morning’s hearing. And it is primarily because of that 
extraordinary effort that we are proceeding with the hearing at a 
rather difficult time. It is at this hour the funeral of one of the offi- 
cers is being held over in Virginia, so we debated in our mind 
about whether we should move forward. But because of the dis- 
tances that some of you traveled, and because of the great effort 
that went into this morning’s hearing, in preparation for it that is, 
we decided to proceed. 

The Subcommittee on Fisheries, Conservation, Wildlife and 
Oceans is meeting today to conduct an oversight hearing on our na- 
tion’s ocean observing systems. The importance of the ocean is 
being recognized more each day for the role in the global climate 
and environment and the potential uses of the biological and min- 
eral resources it harbors. 

The United States needs to evaluate its marine observation sys- 
tems and determine if the facilities and the technology in our cur- 
rent arsenal are sufficient to meet the requirements to understand, 
conserve, and use resources in the marine environment. 

As some of you are aware, the Oceans Act of 1998, which was 
also interesting this week, establishes a commission to evaluate the 
state of our oceans research and technology and the laws that gov- 
ern marine issues. This bill was approved by the House Resources 
Committee yesterday, and we expect it to move quickly through the 
House. The input and interest of some of today’s witnesses has 
proved invaluable over these past months, and I thank you for the 
input and the expert information that you were able to provide us. 

However, today’s hearing was called to gain insight into the sta- 
tus of the Nation’s oceans observing systems and determining the 
needs that exist for a further understanding of the marine eco- 
system. By hearing testimony from both the administration and the 
scientific community, we hope to better comprehend the direction 
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that policy needs to be taken in order to develop more sound poli- 
cies when it comes to the ocean and its inhabitants. 

We look forward to hearing from each of you this morning and 
hearing your perspective on a variety of current observing systems. 
[The prepared statement of Mr. Saxton follows:] 

Statement of Hon. Jim Saxton, a Representative in Congress from the State 

OF New Jersey 

Good morning. The Subcommittee is meeting today to discuss the status of the 
nation’s ocean observing systems. 

The importance of the ocean is being recognized more each day for its role in the 
global climate and environment and the potential uses of the biological and mineral 
resources it harbors. The United States needs to evaluate its marine observation 
systems and determine if the facilities and technology in our current arsenal are 
sufficient to meet our requirements to understand, conserve and use the resources 
in the marine environment. 

As some of you are aware, the Oceans Act of 1998 establishes a commission to 
evaluate the state of our oceans, research and technology, and the laws that govern 
marine issues. This bill was approved by the House Resources Committee yesterday, 
and we expect it to move quickly through the House. The input and interest of some 
of today’s witnesses has proved invaluable over these past months, and I thank you 
for your expertise. 

However, today’s hearing was called to gain insight into the status of the nation’s 
ocean observing systems and determining the needs that exist to further our under- 
standing of the marine ecosystem. By hearing testimony from both the Administra- 
tion and the scientific community, I hope to better comprehend the direction that 
policy needs to be taken in order to develop more sound policies, when it comes to 
the ocean and its inhabitants. 

I am looking forward to each of your testimony and hearing your perspective on 
a variety of current observing systems. 

Mr. Saxton. As I mentioned earlier, because of other events that 
are taking place at this time, I expect that I will be here alone for 
most of the hearing; that is, without other members. So I ask your 
understanding. And I ask unanimous consent that all Sub- 
committee members be permitted to include their opening state- 
ments in the record. And, obviously, that will occur. 

[The prepared statement of Mr. Young follows:] 

Statement of Hon. Don Young, a Representative in Congress from the State 

OF Alaska 

I would like to compliment Chairman Saxton for holding this oversight hearing. 
In light of the fact that the Oceans Bill was reported from the Resource Committee 
yesterday, this hearing is very timely. 

The science community’s needs to study the widely unknown ocean must be estab- 
lished in conjunction with the Ocean Commission that we hope to pass. By coordi- 
nating the efforts of the scientific community and the elected officials both here and 
outside Washington, a more concerted effort can be developed. 

Without widespread understanding of the oceans, many problems, ranging from 
fisheries conservation to those of pollution, will go either completely unaddressed or 
inadequately resolved. Therefore, through the testimony we will hear today, I am 
optimistic that we will gain some perspectives from the Administration and also 
some valuable insights into the needs and hopes of the scientific community. 

I look forward to hearing from this extraordinary group of witnesses that have 
been assembled today. 

[The prepared statement of Mr. Pallone follows:] 

Statement of Hon. Frank Pallone, Jr., a Representative in Congress from 
THE State of New Jersey 


Mr. Chairman, 

Thank you for holding this hearing today on such an important and timely issue, 
the oceans. Our oceans are critically understudied and while they cover roughly 
three fourths of the planet, observations have lagged far behind those on land. 
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If anyone doubts the importance of ocean observations, they need only to look as 
far as our most recent El Nino predictions. These predictions, based on models and 
ocean observations, gave state and local managers the information they needed to 
take precautionary measures before disaster struck, saving millions of dollars and 
countless lives. 

There are yet other ocean observations that have yielded tremendous benefits. 
The Ocean Drilling Program has produced sediment cores to study long-term cli- 
mate variability. Submersible observations have discovered hydrothermal vents 
where entire communities of unique marine organisms flourish. These organisms 
which live without sunlight, and under intense heat and pressure, show tremendous 
promise in the cutting-edge field of biotechnology. 

Past ocean observations have also yielded exciting medical benefits. Today over 
half of all new cancer drug discoveries are coming from marine organisms. Further 
research in this area could lead to even further breakthroughs. 

At the National Ocean Conference in Monterey, California, the President an- 
nounced several initiatives to explore, restore and protect our ocean resources. I am 
particularly interested in two initiatives announced: Exploring the Last U.S. Fron- 
tier and Monitoring Climate and Global Warming. 

I look forward to hearing from today’s witnesses on the current state of our ocean 
observations, what areas need additional research, and what partnerships are tak- 
ing place to meet these needs. 

Mr. Saxton. We are going to hear something a little unusual this 
morning. One of our witnesses, Dr. Gagosian, the director of Woods 
Hole Oceanographic Institute, will be showing us a film on some 
recent undersea research taken by the scientists there. It will take 
about 5 minutes. Immediately following the film we will introduce 
the first panel. 

I would like to introduce the film. Are we all set? We have two 
monitors. So it looks like we are all set. You might want to dim 
the lights a bit, and we will go ahead and watch this video. 

Dr. Gagosian. Mr. Chairman, I have been asked today to speak 
to the issue of the deep sea. For this video presentation, I will 
present how we explore the deep sea floor 2 to 3 miles below the 
surface of our blue planet and what we see down there. During my 
testimony, I will talk about why we need to explore the deep sea 
and what technical improvements we need to produce the best 
science. 

But first, what tools do we need to explore this blue planet? How 
do we explore our inner space where buoyancy is important and 
gravity is not? We use human-occupied vehicles. HOVs, like Alvin, 
with its support vessel Atlantis, Alvin is part of the National Deep 
Submergence Facility located in Woods Hole, Massachusetts. Alvin 
holds three people, two scientists and a pilot, and can dive to a 
depth of 14,000 feet. It averages roughly 180 dives a year. It can 
explore 86 percent of the ocean floor. 

The National Deep Submergence Facility also has remotely oper- 
ated vehicles and autonomous vehicles. You are all familiar with 
the remote vehicle Jason. It was used to explore and discover the 
Titanic. Jason has a depth capacity of 20,000 feet, can operate 20 
hours a day, and is tethered to the ship with a fiberoptic cable. It 
works by a team approach both on the ship and on land. It is 
linked by satellite to a global audience. 

And there are autonomous vehicles, such as the autonomous 
benthic explorer, Abe. It is untethered. It drops off the side of the 
ship, goes through the water column, goes down to the bottom of 
the ocean, goes into a cradle, and goes to sleep, wakes up on com- 
mand, and runs around the bottom of the ocean sensing different 
events that occur down there. 
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Another example is REMUS, the remote environmental moni- 
toring unit. There are several in operation. This is a cartoon, if you 
will, an animation of a futuristic robotic colony on the sea floor. 
What you are seeing here in the black sections are the areas cov- 
ered by side scan sonar used to map the sea floor topography. The 
use of these robotic colonies clearly is for mine warfare and moni- 
toring earthquakes, as a couple of examples, as shown here; also 
to monitor waste dump sites. You can also see from this particular 
animation the autonomous benthic explorer involved in this sur- 
veying the bottom of the ocean in this futuristic effort. 

Now let’s talk about other advances in technology. Cameras. The 
Titanic was discovered in 1986 by Woods Hole Deep Submergence 
Laboratory, headed by Bob Ballard. This is a low-light video, high- 
altitude imagery of Titanic. Remember, Titanic is 2 V 2 miles below 
the ocean floor water. 

In the early 1990’s, broadcast quality three-chip cameras came 
along, and as you can see, there is extraordinary clarity with re- 
spect to the 1986 video. There are a lot of particles in the water. 
And so these new camera systems have allowed scientists to look 
at things and ask questions they were not able to do just 5 years 
earlier. So due to progression in wider area and angle views, clarity 
and resolution, and higher light power, a scientist can do, as I men- 
tioned, things they could not even dream of doing 5 to 10 years ear- 
lier. 

An excellent example of this is the telemotor. This is linkage to 
the rudder of Titanic. The steering wheel is attached to it. Note the 
clarity of the bolts. I would like to remind everyone in the room 
that this is 2 V 2 miles below the ocean surface. It is not in my office. 

One of my favorite pictures is this cup which is found in the de- 
bris field of Titanic. If you look carefully, you will not only see the 
white star, but you will be able to read “White Star Line.” 

Another example of the use of this technology is in a forensic sur- 
vey that was just completed of a bulk cargo carrier named the 
Derbyshire, 964-foot, 2,000-ton iron ore and bulk carrier which 
sank off Okinawa in a typhoon in 1980 in 14,000 feet of water. 
This, by the way, is HDTV of a half-inch cable from that sunken 
carrier. Forty-four lives were lost. The question is why and how did 
it sink? 

One hundred thirty-seven thousand digital still images and 500 
hours of color and HDTV video imagery were taken, and as you can 
see, it is really quite extraordinary, the detail. This is a fracture 
in the hatch cover at, again, 14,000 feet. This is a plastic tie wrap. 
Those lines are 1 millimeter apart. 

The synthesis of the imagery, and you will see in a moment the 
bow section, has allowed the people that were working on this 
project to understand why and how it sank. Now, that is the tech- 
nology. 

Let me take you to a place where few people have been before, 
where the heat of the earth drives this engine creating a 40,000- 
mile-long volcanic mountain chain below the sea surface at an av- 
erage depth of 2 V 2 miles, the longest mountain chain on earth, 
moonless mountains. These are areas where hot lava is entering 
the ocean from deep below in the earth’s interior creating under- 
water mountains. You probably think this is a volcano on earth. 
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but actually it isn’t. It is 2 V 2 miles below the ocean’s surface. It is 
at the underwater volcanoes where new sea floors are made. It is 
the most hostile environment on earth. 

This is the world of hydrothermal vents. They were discovered 
just 20 years ago, where sea water circulates deep below the ocean 
floor through cracks in the crust from previous earthquakes, recy- 
cling and heating the water to 700 degrees Fahrenheit as it rises 
to the surface. The pressure is 5,000 pounds per square inch. It is 
a world of metal sulfides, iron, zinc, copper, and silver, as they con- 
dense in the cold water creating chimneys that grow several stories 
high at the rate of a foot a week. 

It is also the world where bacteria is the basis of life. And what 
you are seeing here is thick bacterial mat, not snow. It is also 
where chemical reactions, not light, provide the energy for life. It 
is a world of incredible diversity and density, where over 300 spe- 
cies have been found, two-thirds of which have never been seen be- 
fore, with an overall growth rate as high as the most fertile rain 
forest in the world. 

It is a world of unusual animals, like these tube worms that you 
are seeing here, which can grow up to 14 feet. They grow at a rate 
of an inch a week. They are the fastest growing invertebrates on 
earth. These organisms coexisted with the dinosaurs. Vent orga- 
nism fossils have been found in 400-million-year-old ore deposits. 

This never-dreamed-of oasis of life has created a whole new 
thinking of the origin of life on this planet and the possibility of 
life on others. The red tips, by the way, I might add, are hemo- 
globin. 

This is another kind of worm. This is an Alvinella worm, named 
after Alvin. The tip of this worm is in 34 degree Fahrenheit water, 
and the tail is in 175 degree Fahrenheit water, and it is only 2 feet 
long, the highest known temperature in which an animal has sur- 
vived. And a 140-degree Fahrenheit gradient over a 2-foot body 
length is extraordinary. 

Higher up in the food chain, as you can see, are crabs. 

The red light, by the way, is a laser from Alvin. It is used to ma- 
neuver the submarine. 

So these cameras are indeed our microscopes under the sea. And 
this extraordinary picture of a shrimp actually is a great example 
of that. Shrimp, I might add, on the midocean ridge of the Atlantic 
are teeming in their masses as they feed on bacteria. There are lit- 
erally thousands of them. The light on their backs is thought to be 
coming from light-seeking sensors which attract them to the vent. 

There are golden-colored mussels, as well. They do not feed on 
the bacteria like the shrimp, but the bacteria reside inside them, 
producing the mussels’ food source. They grow as large as a 12-inch 
dinner plate. 

So, only 20 vent sites have been explored on this 40,000-mile 
mountain chain. Many more have been hypothesized. Imagine the 
discoveries to come. This is the earth at night, and it shows pretty 
clearly how much more we have to explore on the planet ocean. 

Thank you. 

Mr. Saxton. Doctor, thank you very much. That was impressive, 
to say the least, and we thank you. 
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Doctor, we understand that you are going to be here with us and 
be part of the second panel. And, so, we look forward to chatting 
with you further. 

Permit we to welcome Mr. Farr aboard, my ocean partner. I am 
his ocean partner. One way or the other. Anyway, we work closely 
together and have been, for the last several weeks, seing a lot of 
each other. 

Let me just introduce the first panel at this time. No stranger 
to the members of the Committee, Dr. Jim Baker, Under Secretary 
of Oceans and Atmosphere, Department of Commerce; Dr. Rita 
Colwell, Director of the National Science Foundation; and Rear Ad- 
miral Paul Gaffney II, Chief of Naval Research, United States 
Navy. 

We remind each of you that, for purposes of keeping things 
going, we operate here under 5-minute rule. Obviously, your entire 
written statement will be included in the record, but if you would 
try to summarize it in the allotted 5 minutes, we would be most 
appreciative. 

Dr. Baker, why do not you begin. 

STATEMENT OF D. JAMES BAKER, UNDER SECRETARY FOR 

OCEANS AND ATMOSPHERE, DEPARTMENT OF COMMERCE 

Dr. Baker. Thank you, Mr. Chairman, for this opportunity to 
testify on ocean observations and related activities and also to 
highlight some of the details from the National Ocean Conference. 

Mr. Chairman, I know you had planned to attend the National 
Ocean Conference. I am sorry your schedule would not allow you 
to be there, but I would like to, in my short testimony here, sum- 
marize some of the results that came out of that important meet- 
ing. 

But let me say first that this wonderful film that Bob Gagosian 
just showed is a perfect example of the kind of partnership that we 
have between the Federal Government, the oceanographic institu- 
tions, and the academic community that work so well. 

The Woods Hole Oceanographic Institution, the Scripps Institu- 
tion of Oceanography, and you will also be hearing from Rutgers, 
are three examples where Navy, NOAA, NSF and other agencies 
all work together to make new things happen; and it could not hap- 
pen without that long-term partnership that has worked very well. 

Let me start by saying that the support of this committee has 
been critical to the successful forecast of El Nino this past year. 
Our array of buoys in the tropical Pacific called the Tropical At- 
mosphere Ocean array, the TAO array, provide the key data for re- 
searchers and NOAA forecasters to provide the first-ever forecast 
for El Nino. 

This forecast has brought important economic returns to the 
country and has introduced ocean and climate science to homes 
across all regions of the United States. Just one example, benefits 
to the Nation’s agricultural industry alone of the forecast are esti- 
mated to be somewhere between $240 and $266 million. That is 
just for one forecast. 

But despite recent advances, our understanding of the surface 
and interior ocean, the variability of the ocean, and the interaction 
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with the atmosphere and of the subsurface processes and resources 
is just at the beginning. 

Recognizing this fact, President Clinton and Vice President Gore, 
at the recent National Ocean Conference, launched several major 
initiatives for the exploration, restoration, and protection of Amer- 
ica’s ocean resources. These measures will provide new scientific 
insight into the ocean, open new opportunities for jobs and eco- 
nomic growth, and also preserve our oceans for all time. 

We are proposing an additional $224 million through 2002 to 
support these efforts beginning in fiscal year 2000. The initiatives 
particularly relevant to ocean observations are exploring the last 
U.S. frontier and monitoring climate and global warming. 

Understanding our ocean observation programs will require some 
discussion of the tools and processes used for observation. The tools 
include submersibles, profiling floats, buoys, state-of-the-art sat- 
ellites. They are all in a process of almost constant evolution as our 
abilities to understand the oceans deepen and our needs for sci- 
entific data expand. 

In addition to these tools, NOAA has created various partner- 
ships with various agencies, oceanographic institutions, univer- 
sities, and other countries to share the responsibilities of resources 
that ocean observations require. And I am pleased that we have 
been able to start a new joint institute at Woods Hole Oceano- 
graphic Institution, an important new activity for us. 

The El Nino observing system is focused on the tropical Pacific 
Ocean, but scientists recognize a climate variability results from 
interactions among different oceanic regions. So improved predict- 
ability requires the integration of observing systems over all of the 
oceans which need to be combined to create critical climate infor- 
mation for all of the U.S. and foreign climates. 

We need to have a system, Mr. Chairman, in the ocean that is 
as good as the atmospheric system that we have today. Thus, in 
1998, the International Year of the Ocean, all of the agencies are 
committed to participating in the building of a global ocean observ- 
ing system that is essential to improving the basis for our climate 
forecasting. This observing system will include what we have today 
provided by NOAA, Navy, the National Science Foundation, and 
other agencies, plus new profiling autonomous tide gauge circula- 
tion explorer floats. These are floats that float in the midwater. 
They go up and down. They are profiling. They are independent of 
any connections, so they are autonomous and they float with the 
currents. They promise a very cost-effective approach for large- 
scale ocean measurements. 

At the conference in Monterey, the President proposed an addi- 
tional $12 million to expand the array of these floats in the north 
Pacific and north Atlantic. This new array will provide the back- 
bone of the sustained global ocean observations needed to improve 
climate forecast skill. 

In addition to these sea surface and satellite-based platforms, 
NOAA has developed a suite of undersea ocean observation sys- 
tems. Submersible and hydroacoustic technologies supported by all 
the agencies have brought scientists to a new frontier in fields of 
underwater research. Recent advances have allowed us access to 
thousands of square miles of virtually unexplored sea floor re- 
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sources. With strong congressional support, NOAA has maintained 
sea floor observatories and is providing signiflcant new support for 
various efforts, including the Aquarius, the long-term environ- 
mental observatory off New Jersey, and the VENTS program in 
sites along the Paciflc coast. 

The costs of ocean observation programs are high, and NOAA is 
not fully able to fully underwrite the costs alone. Therefore, we are 
working in cooperation with our sister agencies and other nations 
on oceanographic research and satellite observations. 

Mr. Chairman, as we move to a more global ocean observation 
system, we must learn enough about the ocean to design such a 
system. The World Ocean Circulation Experiment was a good start. 
Now scientists have proposed the next steps, which NOAA is 
pleased to help with. The Global Ocean Data Assimilation Experi- 
ment, called the GODAE, will create a means to provide up-to-the- 
minute analysis of ocean conditions. We are committed to sup- 
porting this effort through our Oceans Observation Program. 

Part of this will also be the Climate Variability and Predict- 
ability Experiment, CLIVAR, the leading international scientiflc 
program. These will the basis for the next step, and NOAA will be 
a partner. A critical limiting factor for improved climate and 
weather predictions is our limitation on computing power. We need 
better computers, and we will be working to make those happen. 

Mr. Chairman, let me conclude with a note about living marine 
resources, a special interest of yours. More efficient management of 
our Nation’s living resources would result from better information 
about the current status of biological and physical components of 
the marine environment. We need to have better fisheries stock as- 
sessment information to manage fisheries. 

On average, our fishery vessels, as you know, are more than 34 
years old. We are looking for ways to replace the capability of the 
vessels. We have a team that has been doing that. Admiral Craig 
Dormand recently reviewed NOAA’s plan and strongly supported 
our need for acoustically quiet vessels. The report supports con- 
struction of four dedicated fishery research vessels. In Monterey, 
the President proposed $194 million to do the design and construc- 
tion of those new vessels. 

Mr. Chairman, your timing for holding this hearing, after a very 
powerful El Nino and before what we are forecasting to be a La 
Nina event, the flip side of El Nino, underscores how vital congres- 
sional leadership will be in ensuring the long-term sustained in- 
vestment that science requires for ocean observations. 

The CLIVAR experiment, the GODAE experiment are critical to 
these; and we are prepared to be a partner. The President has indi- 
cated his support for ocean observations. We are prepared to un- 
dertake his specific proposals. 

I commit to you that NOAA, through our laboratories and our 
academic partners, will work with our sister Federal agencies rep- 
resented here today, we will work closely with NASA and DoD, 
with satellites, and we will be looking closely to work with the pri- 
vate sector in collecting, disseminating, and applying ocean data. 
We will work with the Congress and the administration to imple- 
ment these plans. 

Thank you very much. 
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Mr. Saxton. Dr. Baker, thank you very much. 

[The prepared statement of Dr. Baker may be found at end of 
hearing.] 

Mr. Saxton. Dr. Colwell. 

STATEMENT OF RITA COLWELL, DIRECTOR, NATIONAL 
SCIENCE FOUNDATION 

Dr. Colwell. Chairman Saxton, as the newly confirmed NSF di- 
rector, I am still sort of wet behind the ears, so I particularly ap- 
preciate the opportunity to testify today on this very important 
topic of ocean monitoring and assessment, and in particular the 
substantial, very fundamental role that the National Science Foun- 
dation plays in the Nation’s oceanographic monitoring and assess- 
ment capabilities. 

In fact, this hearing speaks very directly to one of the most excit- 
ing themes that has emerged from the past decade of ocean 
sciences research, and that is the complexity and variability of the 
oceans, so dramatically demonstrated in the video Dr. Gagosian 
just showed us. 

Frequently, we find significant physical, chemical, and biological 
variations on very small spatial scales, as small as a half a mile. 
It is clearly impossible to monitor the entire global ocean or even 
coastal waters with minute spatial resolution. For that reason, it 
is important to understand the underlying processes sufficiently 
well to be able to interpret them. This allows researchers to make 
a small number of key observations that will very reliably tell us 
over time how the system works. The research supported by NSF 
helps us determine what measurements will best characterize 
changes in the ocean and, more importantly, how many measure- 
ments are required and where they should be located. 

A good illustration, I think, is the NSF-fnnded Tropical Ocean 
Global Atmosphere, the TOGA program. As its name implies, this 
research program is focused on the physical processes occurring in 
the tropical ocean and the atmosphere. TOGA enabled us to recog- 
nize the forces that underlie the El Nino phenomenon, which in 
turn led to the design and deployment of the existing El Nino 
Southern Oscillation, the ENSO, observing system. 

The question is, how can we possibly monitor such a vast and 
complex system as the oceans? A helpful way to characterize the 
scientific requirements is to consider three classes of monitoring 
systems. One is that we need sustained monitoring that provides 
data to detect the subtle changes that occur over a period of a dec- 
ade or so in the short term. These measurements can provide early 
warning of changes in the earth’s system. 

Then along with that, we need selected long-term observations 
that allow us to predict changes in the oceans and weather systems 
and to be able to alleviate negative impacts. Eor instance, this 
year’s El Nino activity is a very good example of the long-term ob- 
servation that allowed us to make predictions. 

And finally, we need measurements, observations, and experi- 
ments to help us understand the physical, chemical, and biological 
processes that were responsible for the changes. An associated 
challenge is tracking what is going on in the miles and miles of 
ocean that exist between sensors. This is an area in which we have 
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seen remarkable innovation over the past 5 years. That innovation 
was primarily fueled by the needs of the World Ocean Circulation 
Experiment, WOCE. 

At this moment there are about 500 robotic vehicles distributed 
over thousands of square miles of the north Atlantic oceans. These 
drift along with the ocean currents about a half a mile below the 
ocean’s surface; and about every 2 weeks, each one of these small 
instruments pops up and rises to the surface collecting data on 
temperature and salinity as it moves up to the surface; and then, 
via satellite, these data are transmitted, as well as the position of 
these instruments, to investigators on shore. After being on the 
surface for about a day, they are sent back down to a profiling 
depth of about half a mile. And this cycle goes on month after 
month after month. 

So these examples, in conclusion, demonstrate how technology is 
changing the way we do oceanography. Permanent sea floor observ- 
atories, new optical and acoustical imaging methods, long-term 
moorings, deep-diving manned submersibles, satellite communica- 
tions, robotic vehicles, these are all vehicles for discovery that NSE 
supports. 

I will conclude by saying we are in a time of very rich opportuni- 
ties for research in oceanography. We have seen, in a very rapid 
series of events, hurricanes, droughts, floods, destruction of coral 
reefs, coastal erosion, climate change, El Ninos, fisheries decline 
and in some cases simply collapsing, and also human health ef- 
fects, an area of personal interest. We can now use ocean moni- 
toring to predict cholera epidemics. So there is a very close linkage 
between what we study in the oceans and the welfare of human 
populations. These are all phenomena that are affected by, and in 
some cases controlled by, the oceans. 

The United States oceanographic investigators are world leaders. 
We do not lack talent, ideas, or plans, and given the adequate re- 
sources, the future is spectacular for discovery and understanding. 

Mr. Chairman, thank you very much for the opportunity to share 
with you and the members of the Committee the exciting research 
that is being supported by NSE. The testimony will be, of course, 
in the record; and I would be very pleased to answer any questions 
you might have. Thank you. 

Mr. Saxton. Thank you very much. Dr. Colwell. It does not 
sound like you are wet behind the ears. Thank you for being here. 
That was great testimony. 

Dr Colwell. My pleasure. 

[The prepared statement of Dr. Colwell may be found at end of 
hearing.] 

Mr. Saxton. Admiral Gaffney may proceed. 

STATEMENT OF REAR ADMIRAL PAUL G. GAFFNEY, II, CHIEF 
OF NAVAL RESEARCH, UNITED STATES NAVY 

Admiral Gaffney. Good morning, Mr. Chairman and Mr. Farr. 
Thank you for the opportunity for me to appear before you this 
morning to talk about a topic that is very dear to me, our oceans. 
I would like to begin by showing you a graphic. 

This graphic represents our planet. The green part is the land, 
and the blue part is the water, a little more than two-thirds of our 
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planet. It is about 197 million square miles, this whole disk. If you 
can see that little white square on there, that is the amount of the 
water part of our planet that has been imaged or completely ex- 
plored since we have been alive on this planet, or since anyone has 
been alive on this planet. It is about 5 percent, a little bit more 
than that. 

Again relative to the same size, this is the moon. It represents 
all sides, top, bottom, backside, and front side of the moon. It is 
equivalent to about 11 percent of the ocean, twice as much as we 
have surveyed of our ocean. It has been completely imaged, 100 
percent, front side, back side, top, and bottom. 

I will leave this for your grandchildren. 

Mr. Saxton. We would like to share that with some of the folks 
that were here with us yesterday. 

Admiral Gaffney. We have, in fact, characterized 100 percent of 
the ocean. We have used satellite altimetry to characterize it at a 
resolution of about 15 kilometers. But 100 percent of the moon has 
been characterized at 100 times better resolution than we have 
characterized our entire planet. This concerns me, and I believe we 
should do something about it. 

The Navy has long considered the study and exploration of the 
oceans to be a required competency. We must do it. We do not do 
it because we love it. We do not do it because it is interesting. We 
do not do it because we have a charter. We do love it. It is inter- 
esting. We do not have a charter. But we do it because it is the 
foundation that provides information required for every single 
Navy and Marine Corps operation that you can imagine. 

Over the past 50 years, we have invested billions of dollars in re- 
search, instrument and technique development, global ocean sur- 
veys, data archiving, and predictive capabilities. The results of 
these efforts are seen in many ocean monitoring tools and plat- 
forms used around the world in civil and military oceanography. 

For example, SWATH bathymetry, SWATH sonar, laser line scan 
optical scanners, sensors, the global positioning system, acoustic 
thermometry, long-range acoustic monitoring, deep stable moor- 
ings, some of the people in this room and the institutions that they 
represent have developed these for us, to name just a few. 

In the future, and I will make a commitment right now for the 
future, for the Navy, we are committed to an ocean science and 
technology program that is robust. It is a national responsibility, 
we think, that the Navy has. It is a core capability the Navy must 
foster. We will focus on understanding the processes of the ocean 
and develop the tools to better understand those processes. 

We will continue to rely on ships and manned submersibles. 
Frankly, I am quite worried about that part of our repertoire of 
tools at this point. But long-term ocean monitoring and assessment 
need other tools as well, companion tools, tools like those that come 
from our investment in autonomous systems that can either be 
moored or drifting or independently moving, small unmanned sys- 
tems, as Bob Gagosian showed you in his videotape that started 
this session off. 

We are currently working on networks of inexpensive autono- 
mous underwater vehicles through a program called the Autono- 
mous Ocean Sampling Network. Also on the horizon are new re- 
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mote sensing instruments, such at the Naval Earth Map Observer 
Satellite, or NEMO, which will provide hyperspectral images when 
it is launched in the year 2000. 

NEMO is interesting because it is a partnership between the 
Navy, the Office of the Secretary of Defense, and industry, each 
sharing in the cost of about a $120 million effort, the government 
coming up with about $60 million of that and industry coming up 
with about $60 million. 

It is interesting, because like most big oceanographic programs, 
no one group or agency can support all the cost alone for oceano- 
graphic research, ship operations, surveying, and modeling that 
needs to be done on a global scale to address the issue that we are 
testifying about today. We formed partnerships with agencies and 
institutions like those represented on this panel today and through 
programs such as the National Ocean Partnership Program, which 
was actually born out of a set of hearings that this Subcommittee 
participated in a couple years ago. NOPP, the National Ocean Part- 
nership Program, is unique in that agencies that are working to- 
gether can actually create critical mass to address our neglected 
ocean. 

The Navy is proud to have taken an organizational and financial 
lead in the early parts of the NOPP, but our partners are strong 
partners in NOAA, and our vice chairman seated right here at the 
table. Dr. Jim Baker, NSF, NASA and six other agencies are step- 
ping up to the plate with us. 

At the National Ocean Conference, I mentioned a notion that we 
should begin the millennium with a focused exploration and map- 
ping effort, 100 percent coverage of one important area near our 
United States, a necessary baseline, a precursor to long-term moni- 
toring. 

I hope to see the National Ocean Partnership Program agenda, 
and its leadership council on their agenda, a discussion about the 
coordination of Federal ocean monitoring efforts, how they can be 
comprehensively sustained, and how we can comprehensively base- 
line them before we start. 

It will take decades to understand the majority of our water 
planet as well as we understand the moon today, but we need to 
begin. 

Thank you for the opportunity to be here. My formal testimony 
is submitted for the record, sir; and I am looMng forward to an- 
swering any questions you may have. 

Mr. Saxton. Admiral, thank you very much. 

[The prepared statement of Admiral Gaffney may be found at 
end of hearing.] 

Mr. Saxton. Since you referred to the National Ocean Partner- 
ship Act in the latter part of your testimony, let’s just begin by ex- 
ploring that some. 

The National Ocean Partnership Act, obviously, was established 
pursuant to legislation that passed the Congress in 1995. I am just 
curious as to generally how you view it in terms of how successful 
it has been, how has funding worked out, how much was requested 
by the partnership, how much was added by Congress. 
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Just in general, can you fill us in on the details, what your level 
of resourcing is, what you need, and how well you think things are 
going? 

Admiral Gaffney. Yes, sir. 

Well, we started out, of course, with initial — some initial Navy 
money and money added by the Congress that was not in the Presi- 
dent’s budget for the first couple of years. The Navy has increased 
its contribution from $5 million to $10 million, and we intend to 
have, for as long as we can imagine, $10 million or so in the Presi- 
dent’s budget as our contribution to the National Ocean Partner- 
ship Program. 

We have a different budget development process in the other 
agencies, and we are able to, I would say, react faster, not to be 
pejorative, but to act faster to the opportunity of the partnership 
act. So we got our money in, and the other agencies are adding 
money out of whole cloth, if you will, not separate line items yet. 
But we note that there are requests in from several agencies to add 
to that program. 

We have had great cooperation among the several agencies. 
While it has been principally Navy money or Navy money plused- 
up by the Congress but put in the Navy line item, all of the agen- 
cies have worked to select the programs. It would be hard to imag- 
ine any oceanographic program that would not be Navy -relevant. 
So we are very happy to spend our money in a deliberate way, de- 
bating it with our fellow agencies. 

Good results have come out in education, in data exchange and 
ocean monitoring, and a great dialogue has gone on that I have not 
seen in my 25 years in this town involved with oceanography. 

Mr. Saxton. Thank you. 

Dr. Baker, Dr. Colwell, would any of you like to comment? 

Dr. Baker. Thank you, Mr. Chairman. 

I think this has been a wonderful example of pulling together the 
agencies and having an interaction also with the academic commu- 
nity. And the role of Admiral Watkins has been absolutely critical 
in making this happen, and I would like to thank him for that, be- 
cause this gives us a formal structure to work from, the partner- 
ship program, which has started in the Navy. And the Navy has 
done a very good job of accepting the leadership there. 

Other agencies, like NCAA have proposed funding for the part- 
nership program and, hopefully, will be able to make that happen. 
And the National Ocean Leadership Council, which involves a vari- 
ety of different members, I think, is another piece of this proposal 
or this current structure which I think can be very useful in help- 
ing advance the ocean’s agenda. 

Dr. Colwell. I would add that the National Science Foundation 
is pleased to be one of the Federal partners in the National Ocean- 
ographic Partnership Program, in NOPP. In fact, the NSF is con- 
tributing half a million dollars to its funding the awards that came 
out of the NOPP interagency program announcement. 

And in addition, NSF has contributed about $200,000 toward the 
NOPP Educational Drifter program and $100,000 to the Ocean 
Science Bowl, which is a nationwide high school science competi- 
tion. 
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NOPP is really a very critical component of bringing resources 
together. We are very pleased to be active in it, and I also com- 
mend Admiral Watkins for his leadership. 

Thank you. 

Mr. Saxton. Thank you. 

Before I ask my next question, let me just observe that Mr. 
Delahunt has joined us. And I am supposed to ask unanimous con- 
sent that he be permitted to sit. So asked. 

The gentleman from Massachusetts, Cape Cod and Martha’s 
Vineyard and Nantucket, to us sailors known as the land of fog. 

Mr. Delahunt. And Woods Hole. 

Mr. Saxton. And Woods Hole. And incidentally, if you have 
never tried to sail past Woods Hole in the fog, you need to try that. 

Also, I might note that Karen Steuer is now working for Mr. 
Delahunt, and, also, I understand there is a close association with 
the Woods Hole folks. 

Mr. Delahunt. May I, Mr. Chairman? 

Mr. Saxton. Please. 

STATEMENT OF HON. WILLIAM D. DELAHUNT, A REPRESENTA- 
TIVE IN CONGRESS FROM THE STATE OF MASSACHUSETTS 

Mr. Delahunt. I was just having this chat with Mr. Farr. 

Mr. Saxton. That is “Farr.” 

Mr. Delahunt. Thank you for the translation, Mr. Chairman. 
And he said, “Boy, this is real exciting stuff.” 

Let me just compliment Mr. Farr, who also had an opportunity 
to visit Woods Hole, for the work that he is doing in terms of these 
issues. And particularly I want to compliment Chairman Saxton, 
who has really exhibited great leadership in this area. And it is 
really exciting to look out and to see representatives from disparate 
agencies. 

It is exhilarating to really have a chance to visit WHOI to see 
what is occurring down there. I am sorry I missed the testimony 
of Bob Gagosian. But this really is the future. And, you know, I 
think oftentimes the public is skeptical about what is happening 
here in Washington, DC, but if they only could participate in hear- 
ings such as this, they would see that we are on the verge of doing 
some wonderful things. 

I want to thank you, Mr. Saxton, and you. Representative Farr, 
for really leading this effort in the U.S. Congress. 

Mr. Saxton. Thank you for being with us this morning. 

Let me just ask one further question. Then I will pass the baton 
over to Mr. Farr. 

The Administration recently promised $12 million through fiscal 
year 2002 to assist in the exploration of the ocean. Included in this 
proposal were expansion to two shallow-water observing programs, 
to the development of two deep-sea observing programs, and the 
development of two submersibles. 

How will these funds be spent? What will the research goals be? 
And which agencies will be involved? Of course, I am particularly 
interested as to whether or not LEO-15 will be included. 

Dr. Baker. Mr. Chairman, let me answer that question. 

That money was aimed at NOAA to expand our ocean observa- 
tion capabilities, something that we have been trying to do for a 
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long time and, as you know, have been urged by Congress to ex- 
pand our activities centered on the NURP program and also, hope- 
fully, trying to look at some other areas also. 

We will be, in fact, coming forward, hopefully, in the year 2000 
budget with an initiative that reflects what the President has iden- 
tified there. And, yes, all of the above are included at the moment. 
So we expect to see a substantial expansion of what we have had 
in the past, and each of those items is something that we have 
committed to, and we are working the process at the moment. 

Mr. Saxton. Thank you very much. 

Mr. Farr. 

Mr. Farr. Thank you very much, Mr. Chairman. 

I am excited about where we are going, because I think, sitting 
here in late July, that when this Committee convened at the begin- 
ning of the year, we were starting to speculate, the Year of the 
Ocean, we are the Committee with the ocean responsibility, per- 
haps we can make something of the year. And looking back, it is 
not even over yet, and look at what the Year of the Ocean has 
done. It has got the best-seller in the New York Times with A Per- 
fect Storm as a book, and the Academy Award went to Titanic, and 
Dr. Baker produced the El Nino. So we have been able to accom- 
plish something in this year and at least get our people to think 
about us. 

Monterey was the kind of the bringing together of the clan. Yes- 
terday we passed in this room the Oceans Act, and I think that 
there is a momentum gained. And then the excitement is to see 
that momentum gained and a kind of interest in the issue. And I 
think Admiral Gaffney pointed out how much we have to do by 
that graph there. 

I guess this is where I am concerned as a politician is how you 
keep that momentum going. The President pledged some new 
money in Monterey. I would like to talk to Dr. Baker about that. 
But I think it is more than just the bill has not yet been passed 
off the floor. It has not gone through the conference committee, and 
the President has not signed it, and we only have a few days left 
of really much work to get done here before it all kind of breaks 
apart to go into elections. 

So the concern I have that I want to ask the panel about is really 
how do we take this momentum and really build it up? Because 
what we have learned in the process is that we have an awful lot 
of governments out there, governments and government, trying to 
do ocean work. There is a need for better coordination. There is 
scarce dollars when you compare it to even the amount of money 
that NSF puts into ocean research versus others, it is still a small 
amount. The Navy, I do not think, has put as much resources 
where I think Admiral Gaffney says they need to be. 

So how are we going to keep this momentum going so that we 
can start changing our funding priorities in this country to really 
match the challenge that each of you bring? And the questions I 
have about it are to want to know how NOAA, with the $224 mil- 
lion that the President pledged, how is that going to be used to re- 
vitalize not only the structure within, but to better coordinate visits 
and buy equipment that is necessary to do the research? Have you 
focused on that specifically? 
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Dr. Baker. Congressman Farr, thank you for that question, and 
thanks for your leadership in the oceans arena and for the Na- 
tional Oceans Conference. I think it was a pivotal activity for get- 
ting commitment from a variety of stakeholders, including the Ad- 
ministration. 

The largest amount of money that was identified at the National 
Ocean Conference was $194 million to build sustainable fisheries, 
and the largest part of that, about 75 percent, is aimed at pro- 
viding for us new, very capable fishery vessels that would replace 
the more than 34-year-old vessels which we currently have in 
NOAA so that we can improve our stock assessment and fishery re- 
search, a key element of building sustainable fisheries. The acous- 
tically quiet ships are going to be a very important part of that. 

That was an important new commitment. We have been trying 
for several years now to get the Administration to commit to new 
seagoing capabilities for NOAA. This will be the central piece of 
that. We will be doing this design. We are doing design in conjunc- 
tion with experts from the Navy, with experts from abroad, so that 
we have the best possible activity there. The fisheries vessels were 
the biggest piece of the commitment. 

We also have a commitment for new ocean technology to expand 
our deep sea exploration for ocean monitoring, for navigational 
charts. As you remember, there were nine specific initiatives that 
were identified, and I think we got a good start in each of these. 
But I think also, very importantly, at the conference, the President 
committed to bringing together all of the Cabinet agencies that are 
responsible for oceans issues to report back to him in 1 year about 
how we were cooperating to keep the momentum going. And I 
think that, together with the passage of the Oceans Act, will pro- 
vide us the context to work in the Federal Government and the pri- 
vate sector to keep this momentum going on the ocean. So I think 
we have a very good start here. 

Mr. Farr. Dr. Colwell, at NSF, a part of your testimony was sort 
of all the needs that need to be looked at. Do you see a shifting 
of priorities to address those needs and the funding at NSF? 

Dr. Colwell. I think there is a need at NSF to be more heavily 
investing in environmental research overall, and certainly the 
oceans are a major part of it. But let me point out that I think 
what is happening in recent years is that there is a clear set of evi- 
dence that demonstrates the relationship of human health to the 
health of the oceans and to ocean events. That is, by being able to 
measure sea surface temperature, to correlate sea surface height, 
temperature, nutrients, we are better able to show a relationship, 
for example, to toxic algal blooms, to microorganisms that may 
cause human disease. 

And so, as we improve our ability to develop predictive capacity 
for demonstrating this very close linkage to human health, as well 
as economics, through fisheries and so forth, I think a more dra- 
matic case can be made for increased resources; and NSF certainly 
supports expanded research. 

Mr. Farr. Admiral Gaffney, thank you for your leadership in 
being able to host this conference at the Naval Postgraduate School 
at Monterey. I was really proud and pleased that that was the 
venue. 
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However, I have to tell you that I am a little concerned because 
the language was inserted in the bill that we passed yesterday that 
excludes all military operations, I think it says specifically all Navy 
military operations and training measures, from consideration by 
the Ocean Commission. It specifically moves the Navy out. And I 
am wondering if you think that that is going to hinder the ability 
for the Commission and the Navy to move toward the things that 
you said need to be addressed? 

Admiral Gaffney. No, sir, I do not think it will. 

In the research area and in the collection of oceanographic infor- 
mation in an operational sense, we are so tightly coupled, these 
agencies, the agencies at this table and others, and we will stay 
coupled just to survive so we can leverage each others’ dollars and 
do what we need to do, that we will by necessity continue to work 
regardless of what happens. So I think we will do just fine. 

We have other mechanisms. The people seated in the back four 
rows here that actually get their hands dirty with oceanography 
talk to one another all the time without any help from the people 
seated at this table, and they will continue to do that by the best 
people performing and bringing the right critical mass of money to- 
gether to get things done. 

Dr. Colwell. May I add just a comment to that which you point- 
ed out very succinctly, Mr. Farr; that there is insufficient funding? 

Let me note that NSF now provides more than two-thirds of all 
the Federal resource support for the Nation’s universities and 
ocean research institutions. Clearly, an increase in funding is nec- 
essary. 

Mr. Farr. I appreciate that. But of your total funding, of your 
total pie, of outflow, what is the percentage of ocean compared 
to 

Dr. Colwell. I will have to get back to you on that, I am not 
sure. 

Mr. Farr. When you compare it to all the ocean funding. Because 
this is the problem. We have always said we have committed much 
more. We argued the space station last night. Space station has 
more funding than all of the program. 

Dr. Colwell. I think as a Nation we need a greater commit- 
ment. 

Mr. Farr. So what you are talking today is we need a space sta- 
tion for the ocean. 

Dr. Colwell. I would agree, in general. 

[Information submitted by Dr. Colwell follows:] 


FUNDING FOR OCEAN SCIENCES RESEARCH 

The National Science Foundation provides most of its support for ocean sciences 
research through the Division of Ocean Sciences (OCE) of the Directorate for Geo- 
sciences (GEO). In FY 1997, OCE’s budges totaled $200 million, approximately 8 
percent of the Research and Related Activities (R&RA) Account. Total ocean 
sciences support for the Foundation, including funding through the Office of Polar 
Programs and the Directorate for Biological Sciences, equaled approximately 10 per- 
cent of the R&RA Account in FY 1997. 

Dr. Baker. Mr. Farr, I am not sure I would agree with that exact 
statement, that we need a space station for the ocean, although I 
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agree with the amount of funding. Maybe that is the point you are 
making. 

Mr. Farr. Well, the point is exactly, you caught it, the emphasis 
and the concern and the passion for putting money into research 
in the ocean. We can do it, I think, more cleverly. I think that the 
space station has international collaboration, which is something 
else we support. 

My last question, back to Admiral Gaffney, does the Navy sup- 
port the exemption that was in the oceans bill? 

Admiral Gaffney. I believe that the Navy does. I am not an ex- 
pert on that, I will have to admit, sir, but it is my understanding 
that the Navy does support the exemption that is in the legislation. 
But I am not sure it is an issue for this particular group of people 
in this room. We will work together. We will take a leadership role. 

If I can go back to your question about funding, I will give you 
a little personal example. I raised my right hand and went to the 
Naval Academy in 1964, and basic research. Navy basic research, 
which started this whole basic research out, by the way, at the end 
of World War II, was $2.2 billion in today’s terms. Basic and ap- 
plied research, I am sorry. Basic and applied research. Today, it is 
.8 billion in today’s terms. 

Now, in the past few years, despite that decline, we have given 
most favored nation status to the ocean sciences, ocean and related 
sciences; ocean remote sensing, marine meteorology, that all work 
together. But if we don’t get some growth, if we don’t turn up that 
curve, as has been proposed by Secretary Dalton, to get that turned 
around the other way, then we are going to be in worse trouble 
than we are today. And I think that we will also start to 
disincentivize people from getting into the research sciences as a 
career in the Nation. 

Mr. Farr. One of things I thought was very interesting, in talk- 
ing to Dr. Ballard about the Jason Project, which the Navy sup- 
ports, in fact, its largest Federal funding comes from the Navy, but 
Dr. Ballard said that the majority of the money that Jason raises 
comes from American corporations. And I asked why would they 
put so much money, these are millions and millions of dollars that 
are put into this project, and he said that some of the businesses 
in this country really understand the need to have ocean research. 
We need the science, we need the technicians, and they are not 
being produced because there is not enough ground interest. And 
the Jason Project certainly has been able to bring that around. 

I have been always accused of being a big spender. If I can be 
a big spender in the ocean, I would love that title, and I would try 
to support more and more efforts to get money to the entities that 
are going to do good work. Thank you. 

Thank you, Mr. Chairman. 

Mr. Saxton. Mr. Delahunt, do you have some questions? 

Mr. Delahunt. No, I don’t have any questions. I would just 
make one comment, Mr. Saxton, listening to both you and to Mr. 
Farr and the testimony. 

I think that if the public awareness is such that they can easily 
and readily understand the potential benefits of ocean research and 
what is occurring today, that the funding for the technologies for 
which you have called this hearing — I think there would be great 
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public pressure to secure that funding. And I think that the com- 
munity at large, the stakeholders in that community, really have 
an obligation. 

You have two tremendous advocates here in Mr. Saxton and Mr. 
Farr. But if you have a capacity to transmit the potential to the 
public at large, to the American people, the funding will be there. 

Mr. Saxton. Thank you very much, Mr. Delahunt. 

Let me ask one final question for the record. The administration 
has announced that it intends to build at least three new fisheries 
research vessels. The assumption seems to be these vessels will be 
built with government funds and owned and operated by the gov- 
ernment. 

A recent report prepared by the Office of Management and Budg- 
et praises the design of the vessels, but raises significant questions 
about whether these are the most cost-effective alternatives for pro- 
viding the necessary fishery data. The report also raises significant 
questions about whether NOAA will fully use the technological 
abilities of these ships and whether it generally uses the best avail- 
able technology when conducting fishery research. 

Will the administration look at the build and charter contract op- 
erations or contracts for data to meet the fishery research needs? 
How does NOAA intend to assure the use of best available tech- 
nologies in fishery research? 

Dr. Baker. Congressman Saxton, we are very concerned about 
getting at the most cost-effective way of doing business at NOAA. 
We have not committed to any particular way of getting that capa- 
bility. The thing we have focused on is the capabilities that are re- 
quired, the acoustically quiet capabilities. 

But at the moment, whether we build and charter, whether pri- 
vate industry offers this, whether it is something that is govern- 
ment owned and operated is something that has to be laid on the 
table and worked out in terms of cost-effectiveness. All of this is 
open. We have not made any commitments to the way we would 
do that. 

All we are looking at, at the moment, is the scientific capabili- 
ties, and we will make sure we work with you and the private sec- 
tor to provide the most cost-effective way of getting the capabilities 
that we need. 

Mr. Saxton. Well, thank you very much. 

I would just like to make one final comment. The exemption in 
the Oceans Act for exemption for operation and training. Admiral 
Gaffney is the Chief of Naval Research, and we would just like to 
point out that he did not seek to be exempt. Thank you. 

Dr. Baker. Congressman Saxton, let me answer one question of 
Dr. Delahunt, who mentioned the public education aspect of 
oceans. I think it is absolutely critical, and I wanted to say the 
Woods Hole Oceanographic Institution has done a wonderful job of 
public outreach, which is done also by the Scripps Institution of 
Oceanography, and some of the other academic institutions, has 
been a very important aspect of public outreach. 

And we look forward to worMng on the Federal side with our 
counterparts in the academic community to get this public outreach 
and enhance it, as you say. I think it is a critical point. 
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Mr. Saxton. One follow-on question. The report that was re- 
cently completed for the Office of Management and Budget noted 
the need to better integrate fisheries and oceanography research. 
These two areas of research have been conducted largely separately 
over the last 20 years. To manage fisheries wisely, it is becoming 
clear that we need to understand the physical systems in which 
those fish live and the interrelationships between species, particu- 
larly the predator and prey relationships. Just counting fish is no 
longer sufficient. 

How can we improve the interaction and our knowledge thereof 
between fisheries scientists and oceanographers? 

Dr. Baker. Congressman, this is a very important aspect of fish- 
eries, and we have some very nice joint programs with the National 
Science Foundation and NOAA. There is a program called the 
GLOBEC, the Global Ecosystem Study, where, in fact, we are look- 
ing at how all of these factors interact; and then there is a NOAA- 
led program called FOCI, Fisheries Oceanography Cooperative In- 
vestigation, that is looking at the impact of climate on fisheries. 

And, in fact, as we look at salmon migrations right now, they are 
very much impacted by these long-term changes in the north Pa- 
cific Ocean. And through these programs, GLOBEC, FOCI and 
other related programs, we are starting to get some understanding 
of how the physical and chemical aspects of the environment affect 
the ecology. It is an important, complex aspect of fisheries, and I 
think we have made a good start, and, hopefully, some of this new 
funding can be applied there. 

We are looking forward to the leadership of Dr. Colwell, who is 
a person who has been a scientific leader in these areas, as she di- 
rects the foundation to help us move these programs forward. 

Mr. Saxton. Well, thank you very much. I would like to thank 
all of you for your testimony this morning and for your statements. 
We appreciate very much that you are here. Members may have 
some additional questions for the witnesses, and we ask that you 
please respond in writing. The hearing record will be held open for 
that purpose. Thank you very much for being with us. 

[The information referred to may be found at end of hearing.] 

Mr. Saxton. Now, let me introduce our second panel. Panel two, 
we have Dr. Charles Kennel, Director of Scripps Institute of Ocean- 
ography; Dr. Gagosian, who opened our hearing this morning, of 
the Woods Hole Oceanographic Institution; Admiral James Wat- 
kins, President of the Consortium for Oceanographic Research and 
Education; and Dr. Fred Grassle, Director of the Institute of Ma- 
rine and Coastal Sciences. 

And let me remind you of our 5-minute rule, for purposes of mov- 
ing the hearing forward. I am going to leave the chair for a mo- 
ment and ask Mr. Farr if he will please take over. 

Mr. Farr [presiding.] Dr. Kennel. 

STATEMENT OF CHARLES KENNEL, DIRECTOR, SCRIPPS 
INSTITUTE OF OCEANOGRAPHY 

Dr. Kennel. Mr. Chairman, I want to thank you for the oppor- 
tunity to testify. I am the new, somewhat wet-behind-the-ears Di- 
rector of the Scripps Institution of Oceanography in La Jolla, Cali- 
fornia. 
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When NOAA makes its weather forecasts that reach almost 
every home in the United States, they rely on a whole variety of 
observing techniques, mostly of the atmosphere, including balloons, 
aircraft, radar, ground measurements, and satellites. They inte- 
grate all of these observations, and feed them into the most ad- 
vanced computer models available. 

And when NOAA makes forecasts that extend beyond 2 days, it 
has been known for the last 30 years that global coverage is need- 
ed. So now it is time for the community to move forward, to go 
from forecasts of 5 days to forecasting next year’s weather and, ul- 
timately, the climatic conditions of tens of years from now. As we 
do that, a broader range of physical effects and scientific issues will 
need to be included in the observing strategy that started with the 
weather. 

Now, scientists have known for more than a century, that the 
ocean is the primary driver of climate through its interaction with 
the atmosphere. Now the public understands that in a way that 
they never did before. 

The 1997-1998 El Nino led to an understanding in the minds of 
the average person that events in the middle of the tropical ocean 
actually have an important effect on their day-to-day lives. This is 
new public understanding. And we believe that this new under- 
standing can be translated into the support needed as we develop 
an integrated observing strategy to predict climate over a longer 
period of time. 

What we need right now is a strategy to get started. We know 
some of the things that the strategy would have to achieve. It 
would have to integrate local measurements in the ocean and of the 
ocean with space-based measurements. The space-based part of the 
integration has already begun with an international process 
through the Committee on Earth Observation Satellites. 

If we had the beginnings of our strategy in place, we would also 
be able to identify those areas of critical technology development 
that we could focus on to increase the capability of and lower the 
cost of the integrated system. And we would, at the same time, 
identify those variables — we can identify some now — which need 
long-term monitoring. 

Finally, we would begin to relate these two developments to the 
dramatic improvement in climate models and computing power 
that is needed and possible. There are new initiatives at the Na- 
tional Science Foundation and the Department of Energy being 
contemplated to address this problem. 

I would like to point out from a recent visit to Japan, that they 
have developed a very impressive Frontiers program that links to- 
gether their marine agency, their space agency, and their univer- 
sities to develop and devote major computing power to an inte- 
grated observing strategy for the climate. 

As has been mentioned earlier many times, it is essential to im- 
prove, strengthen, and direct in a more focused way the coopera- 
tion and the coordination of the activities amongst government 
agencies and institutions. I think the beginning of a clear strategy 
of how to get started at the national level will enable us to show 
leadership on the international level. So the strategy and getting 
started is very important. 
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The first thing we need to do is to integrate the various ocean 
observing techniques. The first poster shows some of the many dif- 
ferent ways of observing the ocean that have been developed, many 
of them over the last 10 years. We now need to think about how 
to meld this capability into a system. We will need leadership, co- 
operation, and coordination. 

We need to support research that demonstrates the value of inte- 
grating observations from different sources into computer models 
with the goal of predicting climate. Scripps is involved in three 
such experiments. One is an experiment on acoustic tomography, 
in which we relate these results to satellite measurements from 
TOPEX-Poseidon, and the combination of the two measurements 
creates an improvement. 

You have already heard of the Global Ocean Data Assimilation 
Experiment, initiated by the international satellite community to 
relate satellite and in situ data to see the extent to which the com- 
bination will improve predictions of ocean state. 

And Scripps itself, with the strong support of the National 
Science Eoundation, has been involved in an experiment called the 
Indian Ocean Experiment. This is a comprehensive experiment in- 
volving the efforts of 25 nations, ships, balloons, airplanes, and sat- 
ellites. Their data will be combined into a single information 
stream that will be available to all. 

Einally, I think we must support the basic technology develop- 
ment of our observing systems, including the NOAA global drifting 
model initiative, DOE’s comprehensive earth modeling efforts, and 
the Navy’s strong support of technology development. 

In conclusion, the most important question in environmental 
science is “What is going to happen to me?” And until we can help 
you give scientifically reliable answers on that issue to your con- 
stituents, they will not know whether to repair their roof because 
an El Nino is coming or what to believe about scary issues, like the 
greenhouse effect. 

Mr. Chairman, we have many of the tools at hand to start im- 
proving our answer to that question. We need leadership, a strat- 
egy, and investment in those things that pull the system together. 
Thank you. 

Mr. Farr. Thank you very much. Dr. Kennel. We will be asking 
questions after the panel finishes. 

[The prepared statement of Dr. Kennel may be found at end of 
hearing.] 

Mr. Farr. Dr. Gagosian, welcome back. 

STATEMENT OF ROBERT GAGOSIAN, DIRECTOR, WOODS HOLE 
OCEANOGRAPHIC INSTITUTION 

Dr Gagosian. Thank you, sir. 

Mr. Chairman, Mr. Farr, Mr. Delahunt, thank you for inviting 
me here to speak with you about deep sea research. As you could 
see from the video presentation, I tried to give you some examples 
of how we get to the deep sea and what we see when we get there. 
Now I would like to address why it is important to the Nation that 
we continue to be there and what is needed to continue to improve 
our research, monitoring and assessment capabilities. 
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Through our association with, and the long-term investments of, 
the Office of Naval Research, the National Science Foundation, and 
the National Atmospheric and Oceanic Administration, we have 
made significant scientific advances in understanding the ocean’s 
processes and properties. With that investment, we have been able 
to support an infrastructure for ships, vehicles, instrumentation, 
education programs and, above all, human talent that is the envy 
of the world. 

But what do we mean by the deep ocean? Why do we want to 
do research in such a formidable and hostile place? The deep ocean 
is a world of slopes and canyons, of abyssal plains with depths 
greater than 9,000 feet, and of midocean ridges rising as much as 
12,000 feet. These ridges are linked around the world into a 
40,000-mile underwater mountain range, the longest one on earth, 
2 V 2 miles beneath the sea. There are approximately 2,000 sea 
mounts on the sea floor, which rise from 3,000 to 10,000 feet. There 
are also valleys and trenches that vary to extreme depths. The 
deepest spot in the ocean is about 7 miles, roughly the distance you 
see when you look down from an airplane. Yet only a few percent, 
as Admiral Gaffney pointed out, of the ocean floor has been ex- 
plored. 

Now, there are many reasons why we go and must continue to 
go to the deep ocean. It is where our planet earth is presently being 
formed, contorted, stretched and quaked right now. A clear exam- 
ple is the tsunami that recently struck Papua, New Guinea, that 
was caused by an offshore earthquake. 

Samples of ocean sediments, which contain the shells and skele- 
tons of previously living ocean creatures, provide us with a history 
of previous climates and life forms. The deep ocean is not quiet, nor 
is it unchanging. Deep ocean currents hold the key to under- 
standing the workings of the global conveyor belt that carries 
warm surface water to the north polar region in the Atlantic and 
returns cold water to fill the deep ocean throughout the world. Un- 
derstanding this circulation is critical to our understanding 
changes in the earth’s climate, which will ultimately lead us to pre- 
dictions of what environmental changes the ocean can sustain from 
the atmosphere, such as carbon dioxide input. 

A very new and exciting application of deep sea observing is in 
the forensic study of modern shipwrecks. As noted in the video 
presentation, our institution has just completed a task for the Brit- 
ish Government by mapping the remains of the MTV Derbyshire, 
which sank in 14,000 feet of water in 1980. The Derbyshire is one 
of 120 bulk carriers lost at sea since 1980, with the aggregate loss 
of 1,300 lives. Our equipment and talented oceanographers deter- 
mined why and how it sank, which led to recommendations on how 
to prevent future failures on these ships, thus potentially saving 
many precious lives and millions of dollars. The results of this 
work were not only the subject of a TV documentary, but were ac- 
knowledged by the highest levels of the British Government. 

I would be remiss, Mr. Chairman, if I did not speak about one 
of the most important discoveries of this century, and that is the 
world of the hydrothermal vents, which you saw on the video I pre- 
sented. These vents not only churn hot seawater through them and 
alter its chemistry, but also provide habitats for amazingly abun- 
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dant exotic life forms, as you saw. Ancient as this life may be, its 
existence provides a significant leap in our knowledge about life 
itself Two-thirds of these life forms have never been observed be- 
fore. Perhaps more importantly, what this may likely provide is the 
key to our definition of the origin of life on our planet, and the pos- 
sibility of life on others. The environment is also where we believe 
new pharmaceuticals and biotechnological opportunities exist. 

I will close with some remarks about the future, particularly 
with regard to human occupied vehicles. The Navy’s deep submers- 
ible Sea Cliff has just been transferred to the custody of the Na- 
tional Deep Submergence Facility at Woods Hole Oceanographic In- 
stitution. As a matter of fact, it should be crossing the Bourne 
Bridge right now on a flatbed truck as I am speaking. 

It is understood that the Federal agencies intend to underwrite 
the expense of an engineering study that will analyze the cost, fea- 
sibility and technical alterations required to merge the most capa- 
ble features of Sea Cliff and Alvin. Depending on what the engi- 
neering studies produce, and the availability of funds, we hope this 
will lead to an Alvin upgrade to give it a 7,000-meter depth capa- 
bility, almost 4V2 miles. It has currently a 4,500 meters capability. 
This would give our human occupied vehicle access to 98 percent 
of the ocean bottom. It would also give the United States the inter- 
national leadership role in HOV exploration, something that we 
lost 10 years ago. 

In summary, Mr. Chairman, that is how I see where deep ocean 
science has been and where it should proceed. We need to cap- 
italize and build on the expertise of today’s people and technology 
to produce a robust capability for tomorrow. There is a tremendous 
amount we still do not know about our own planet. We have the 
minds, the questions and the technology at our doorstep. 

If the last 30 years is any indication, future discoveries will have 
great benefit to the Nation and the world. If we want to manage, 
protect, and use our planet wisely, we need and must understand 
how it works. We are ready to go, we need a national plan to ac- 
complish this, and we need your support and help. Thank you. 

Mr. Saxton, [presiding.] Dr. Gagosian, thank you so much for 
your very enlightening testimony. 

[The prepared statement of Dr. Gagosian may be found at end 
of hearing.] 

Mr. Saxton. I would like to skip over Admiral Watkins at this 
point, if I may, and introduce my friend and one of my heroes. Dr. 
Fred Grassle, from New Jersey, and let me just say a word to Mr. 
Farr and to Mr. Delahunt about why Fred Grassle is my hero. 

Fred is a guy who seems to be able to make things happen that 
wouldn’t normally happen. Fred acquired an old — it was Rutgers 
University, and through Fred’s leadership and a couple of other 
people, they acquired an old Coast Guard facility at the end of an 
old road called Seven Bridges Road, on a point of land adjacent to 
Little Egg Inlet and at the mouth of the Mullica River. They trans- 
ferred it into a fisheries research facility, transformed the upstairs 
into a dormitory, and became so busy they subsequently built a 
dormitory at the other end of Seven Bridges Road to house the 
multitude of students that became interested in the facility. 
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They decided they needed to look under the ocean outside of Lit- 
tle Egg Inlet and established the first permanent undersea observ- 
atory in the world. They got private industry to help fund it. They 
got Bill Hughes and I to become involved in the issue, and now we 
are among the proudest to have in my district, at the end of Seven 
Bridges Road, this facility known as LEO-15 and the research fa- 
cility. 

And I am very proud to be able to introduce Fred Grassle, one 
of the people that made it all happen. Fred. 

STATEMENT OF J. FREDERICK GRASSLE, DIRECTOR, 
INSTITUTE OF MARINE AND COASTAL SCIENCE 

Mr. Grassle. Thank you, Mr. Saxton, for those very kind com- 
ments. Members of the Subcommittee, thank you for inviting me to 
testify on the status of oceanographic monitoring assessment. I par- 
ticularly want to thank the chairman for his long-standing interest 
in the subject. 

On land we take for granted continuous, real-time, high resolu- 
tion information provided by our senses; what we see, hear, or 
smell. Our presence in terrestrial environments provides us with a 
high proportion of the information needed to assess fundamental 
environmental and ecosystem processes. We are not so fortunate 
when we try to predict ocean processes, lacking the common-sense 
view of our environment that is readily available on the land. 

The ocean is a relatively unknown, dangerous and unpredictable 
place. The livelihood and security of nations has long depended on 
their seafaring abilities. Efficient, safe sea transportation is a re- 
quirement for the economic success of our ports and coastal econo- 
mies. We need better prediction of coastal hazards, including 
storms, coastal erosion events, harmful algal blooms, and oil spills, 
or even when and where to spend a pleasant day fishing or swim- 
ming. Naval commanders need to understand as much as they can 
about their surroundings, as you heard from Admiral Gaffney, at 
all times, especially in initially unfamiliar environments. 

Natural variability is poorly understood so that it is relatively 
difficult to measure the effects of pollutants or other human-in- 
duced change. Ocean ecosystems are said to provide the greater 
part of the services needed to sustain our society, yet the mecha- 
nisms controlling the delivery of these services are poorly known. 
We have made a commitment to obtain high resolution, long-term 
measurements from a broad corridor of marine and coastal habitats 
from the watershed of the Mullica River to the deep sea, as you 
just heard, using a series of long-term ecosystem observatories or, 
LEOs, off New Jersey. 

Our most intensive study has been at LEO-15, a site at 15 me- 
ters depth on the inner part of the continental shelf off Tuckerton 
and Little Egg Harbor, New Jersey. This has been a joint project 
with Chris von Alt’s group at Woods Hole Oceanographic Institu- 
tion and industry, as you have heard. 

Just as meteorologists monitor present weather conditions and 
use a combination of observations and computer models to generate 
weather forecasts, Rutgers oceanographers are using an observa- 
tion network to monitor the coastal ocean and computer models to 
forecast its daily changes. The observing system is serviced by an 
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electro-optical cable that runs under the coastal waterway and 
under the ocean floor to connect two underwater nodes to the Rut- 
gers University Marine Field Station, and from there to the Inter- 
net, where it is available to all. 

The system transmits video, sound and data on light, tempera- 
ture, salinity, currents, wave height and period, sediment trans- 
port, plankton blooms, and a broad variety of chemical characteris- 
tics from numerous sensors that move up and down in the water 
or are plugged into the nodes at the bottom. Docking stations, de- 
veloped at Woods Hole, allow autonomous robotic vehicles to sam- 
ple along transects away from each flxed site and to return to 
download data and repower batteries. 

You saw this vehicle in the video from Woods Hole. Yesterday, 
the REMUS vehicle did a 60-kilometer run, measuring currents, 
temperature, salinity and depth over the whole distance of LEO- 
15. It has repeatedly docked and sent data back to land and over 
the Internet at LEO-15 during the past 3 weeks. 

Boats and divers visit the site on days when the weather is good, 
and the satellite dish provides broad coverage of sea surface char- 
acteristics, temperature, ocean color, and surface roughness. Shore 
stations, using high-frequency radar, provide patterns of surface 
currents and provide data on weather in the immediate vicinity of 
LEO-15. 

I have attached a schematic representation of LEO-15 to my tes- 
timony, and I hope you all have copies of that. 

We expect to add additional observatories at intervals across the 
continental shelf and into the deep sea. Additional observatories 
along the coast, such as that proposed off Martha’s Vineyard, will 
add another dimension to what we hope will eventually become a 
global system. 

This work has been supported by the National Science Eounda- 
tion, NOAA, the National Undersea Research Program, Office of 
Naval Research, and the last year by three grants from the Na- 
tional Oceanographic Partnership Program. Our most recent grant 
will transfer the lessons learned from LEO-15 in 1998 and 1999 
to a program using a combined observation and modeling system 
to predict harmful algal blooms in the Gulf of Maine in the year 
2000. 

We can provide the observations needed to maintain ecosystem 
services from the ocean, enrich science education in our schools, 
and bring a greater consciousness of the ocean into our daily lives. 
I strongly urge you to support, through individual agencies and the 
National Oceanographic Partnership Program, the further develop- 
ment of a national and global ocean observing system. Thank you. 

Mr. Saxton. Ered, thank you very much. 

[The prepared statement of Mr. Grassle may be found at end of 
hearing.] 

Mr. Saxton. And now we will go to our cleanup man. Admiral 
James Watkins. 

STATEMENT OF JAMES WATKINS, PRESIDENT, CONSORTIUM 
FOR OCEANOGRAPHIC RESEARCH AND EDUCATION 

Admiral Watkins. Thank you, Mr. Chairman; thank you, mem- 
bers of this Committee, for inviting me here today. 
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As you know, Mr. Chairman, I am President of the Consortium 
for Oceanographic Research and Education, the acronym we call 
CORE, consisting of 52 of the Nation’s marine institutions. We rep- 
resent those institutions here in Washington and have also initi- 
ated or undertaken a number of national projects, including the 
National Ocean Sciences Bowl, and we won the ONR bid for the 
program office for helping them run the National Oceanographic 
Partnership Program. 

Previous witnesses have described to you several outstanding ex- 
amples of the kinds of capabilities we have or will soon have and 
some of our priorities to better understand, monitor and predict the 
greatest natural force on earth. They have told you what we need 
to do and why. What I would like to do today is to provide a con- 
ceptual road map for how to do what they suggest; that is, how we 
might transition from the ideas of our researchers, working with 
the decisionmakers here in Congress and the administration, to an 
actual system which integrates our national needs and priorities. 

We have come to an important juncture in the development of 
ocean science. More than ever our progress is limited by the lack 
of important ocean observations. As the Ocean Studies Board of the 
National Research Council has clearly stated in their new report, 
“Opportunities in Ocean Sciences: Challenges on the Horizon,” the 
questions of marine resource management, climate prediction and 
the role of oceans in human health require extensive and long-term 
observation of the oceans on global, regional and local scales. 

Mr. Chairman, I would like to submit a copy of this report for 
the record. 

Mr. Saxton. Without objection. 

[The information referred to may be found at end of hearing.] 

Admiral Watkins. The merits of a variety of independent observ- 
ing and predictive system proposals, many of which were presented 
here today, are well understood and accepted. But what we do not 
currently have is the strategic framework within which we can 
chart a course to final realization of an integrated ocean observing 
and predictive system. 

We need to couple an analysis of the mission responsibilities of 
the various Eederal agencies with our current and planned obser- 
vational capabilities to determine the best opportunities for pre- 
dictive success. From this analysis we can build a plan detailing 
exact requirements for a comprehensive ocean observing system 
and address questions on a variety of time and space scales, as- 
similating, infusing information from these various sources, much 
like the well-established practices of the defense intelligence com- 
munity. Analysis and interpretation would then provide the prod- 
ucts which we will rely on for better prediction and decision- 
making. 

Let me give you an analogy. Early in the cold war, from many 
prior years of ocean research in deep ocean sound propagation, we 
developed a highly capable and integrated system called SOSUS, 
the sound surveillance system. This is a giant series of listening ar- 
rays in the Atlantic and Pacific, which eventually contributed sig- 
nificantly to our winning the cold war. Observations from these 
fixed arrays were highly integrated or fused with multisource oh- 
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servational and predictive data from satellites, ships, aircrafts, 
human beings and other sensors over a wide geographic area. 

Notable is, one, the definition of a national need, with a full un- 
derstanding of the cost and benefits; two, the commitment to de- 
velop a system, not just a collection of parts; and, three, the con- 
tribution of all sectors, each bringing their own strength to meeting 
a complex challenge; and, four, predictions with high probability of 
success. 

The resultant $16 billion investment was repeatedly justified. 

I should also note that the first SOSUS array went from the 
blackboard in 1949 to full-scale operation in 1952, only 3 years 
later, and at a $1 million initial investment. 

Let me now shift to the graphic, which the Committee members 
have been provided, and the graphic is displayed up there on the 
first easel. The graphic is an attempt to place into context what I 
would call a strategic framework for ocean predictions. You will see 
in the center of that framework what is called the Ocean Observa- 
tional System. It is a meld of sensors and platforms, including re- 
mote sensing, that would be satellites, SOSUS, aircraft; fixed sen- 
sors and platforms, that is the TOGA mooring that gave us addi- 
tional predictive capability for El Nino, the LEO-15 we just heard 
about, and seismometers. Then there are drifting and unmanned 
sensors and platforms, including surface drifters, autonomous un- 
derwater vehicles, and remote operating vehicles. Then there are 
ships and submarines, called the UNOLS fleet, which is the aca- 
demic fleet. University National Oceanographic Laboratory System, 
the deep submergence vessels, vessels of opportunity, which might 
include the last of the nuclear submarines that have the capability 
of going under the ice and can explore areas of surface that no 
other platform and no other sensor can reach. 

Then, inside those, are the information exchanges, with each of 
those, what I would call subsystems of a larger system, for data ac- 
cess, archival, storage of information, data assimilation and com- 
putation. Each of those adds value in itself to our society. 

But what we miss, then, is taking that and moving it into a prod- 
uct and benefit, which you see on the right side of my chart, which 
goes through what I would call a virtual common data center, 
where all this is brought together in analysis and interpretation 
and doing the kinds of things that the Congress challenged the Na- 
tional Ocean Research Leadership Council to come up with. 

They told us, the Congress told us to address that issue and try 
to do the analysis and interpretation to give us the products and 
benefits of climate forecast; sustainable resources which would be 
the fisheries, as an example; human health, which Dr. Colwell 
talked about this morning; military readiness, which is an essential 
part of it. 

And by the way, while I have the greatest respect for Admiral 
Gaffney, I think it is a mistake to leave the Navy out of anything, 
to exclude them from anything. They are a key part of ocean 
science and technology. They used to be 40 percent of the entire 
ocean science investment in the Nation. They have now gone to 20 
percent. And to leave them out is absolutely preposterous. What we 
heard from Admiral Gaffney was a work-around; that despite what 
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exclusion you put in, we are going to work it any way. That is just 
an aside, Mr. Chairman. 

At any rate, what we need now, though, you have seen this 
graph, and on the left is the mission statement for the Nation, and 
that doesn’t come out of my head. That is what the Congress told 
us in the National Oceanographic Partnership Program, to hori- 
zontally integrate these agencies by national security, economic de- 
velopment, quality of life and education. And that is what we are 
doing. And those cut across all lines. 

And so, therefore, for the first time, we have a thematic approach 
to horizontally integrate research and development in this Nation 
in the oceans, and that is a paradigm for any other scientific en- 
deavor, in my opinion. So we have on this chart, then, what I 
would call the total framework for ocean modeling and predictions 
that can really give society something new. 

Now, what we need from the Congress is your assistance to move 
aggressively in this framework to an integrated strategic science 
and technology plan. We in the academic community are asking the 
Congress to task the administration to work with them to develop 
such a strategic plan in the form of a comprehensive and inte- 
grated ocean observing system that can lead to more useful prod- 
ucts and benefits for all, as shown on my chart. 

We believe, in addition, that to carry this out the Congress 
should request the administration to employ the National Ocean 
Research Leadership Council, consisting of the leaders of each of 
the nine Federal ocean research agencies, to define components, 
priorities, research requirements, and some sense of time lines that 
might be anticipated. This plan should show how an integrated sys- 
tem would optimize the Federal effort to meet specific objectives 
within those time lines, making clear the products and benefits ex- 
pected. The plan should address the involvement of other maritime 
nations with whom we share mutual objectives and can expect 
some equitable share in the enhanced investments which will be 
required. This plan should build upon the volumes of well-thought- 
out agendas developed by the individual agencies, the National 
Academy of Sciences and other national and international bodies in 
past years. 

Mr. Chairman, this will certainly require both Congress and the 
administration to come together to make some new resources avail- 
able. I think so often when we talk about partnerships, we forget 
the fact that we need a partnership between the Congress and the 
administration on this issue. We cannot do it alone. There has to 
be close leadership cooperation here to try to set some new stand- 
ards here for this kind of integrated science and technology plan. 

So often we talk about, well, the Federal Government has to 
have partnerships with academia and so forth. We need a partner- 
ship with the Congress on all this. As you know, we have tried to 
work that way through the National Oceanographic Partnership 
Program and its development. We need to continue that, with per- 
haps joint hearings up here between the Resources Committee, the 
Science Committee, the National Security Committee, not to talk 
about budget, not to talk about program, but to talk about strategy. 
What are we doing? How are we pulling this together? So when the 
agencies come through with their budgets, you can see them inside 
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a broader strategy. I think that is a worthy objective that the Con- 
gress should set. 

So on the horizon we can envision greatly enhanced coastal 
weather and longer-term climate forecasting, more efficient ship- 
ping, more informed decisionmaking for difficult environmental and 
resource management questions, just to name a few benefits. 

For the last 50 years of this century we devoted our national at- 
tention on outer space, and properly so. We need to focus our atten- 
tion in the next 50 years, in the next century, to understanding 
how inner space, the ocean, can assist mankind in meeting its bur- 
geoning challenges. 

The Congress has already set in place a perfect mechanism for 
implementation of this kind of initiative by creating the National 
Oceanographic Partnership Program. This program provides a plat- 
form for collaborative work by the U.S., as well as international 
ocean research agencies who are looking to the United States for 
leadership, but they want to know where to plug in. They have a 
place to plug in now, and we have to engender that to leverage 
these dollars. 

There ought to be a 50-50 share line with the United States and 
other nations, and we know how to do that. The academic institu- 
tions know how to work with them. But we have to have the lead- 
ership of the Nation, and that includes the State Department in 
S&T and foreign policy. You know, I have been clamoring for that, 
to improve that, and I know the State Department has asked the 
National Academy to come back and give them a recommendation, 
but that is a year from now. We need to move it now. We are talk- 
ing about potentially large investments in an ocean observing sys- 
tem globally, and that means we have to start now with people in- 
volved at the front end of the design of such a system. 

Anyway, Mr. Chairman, I hope you will consider my rec- 
ommendations. I look forward to continuing to work with you to en- 
sure we are doing everything we can to make wise use of the great- 
est natural resource on earth. Thank you. 

[The prepared statement of Admiral Watkins may be found at 
end of hearing.] 

Mr. Saxton. Mr. Delahunt has some time constraints. Would you 
like to ask a question before you go? 

Mr. Delahunt. No, I don’t need to ask a question, Mr. Chair- 
man, but I do thank you for the invitation, and I hope to partici- 
pate. It has been very informative, and I particularly appreciate 
the sense of urgency that Admiral Watkins has brought, and I 
think that the ideas forthcoming from all the panelists lead me to 
the same conclusion reached by Mr. Farr; that this really is an ex- 
citing time. 

And I personally do want to work with Chairman Saxton and Mr. 
Farr and others in these potential breakthrough initiatives we are 
talking about. Thank you, Mr. Chairman. 

Mr. Saxton. Thank you, Mr. Delahunt. I look forward to visiting 
your district this August. 

Admiral Watkins, you touched on a subject that is near and dear 
to the hearts of many of us, in particular Mr. Gilchrest, who talks 
about the diffusion of responsibilities for ocean issues, and, in par- 
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ticular, not just between the administration and the Congress, but 
even here in Congress. 

I have forgotten the number, but it is unbelievable. It seems to 
me like there is something like 17 or 18 committees. 

Admiral Watkins. Forty-seven committees, Mr. Chairman; forty- 
seven committees of authorization, appropriation, in both House 
and Senate. Yes, sir. 

Mr. Saxton. That even goes beyond what I think we had antici- 
pated. But when we established this Subcommittee, Chairman 
Young was kind enough to agree to the suggestion that we ought 
to have a committee that’s named as being responsible for the 
oceans, and finally the title became partly subcommittee on oceans. 

So we are hopeful that we will be able to work with the House 
leadership. And we have, under the leadership of Mr. Gilchrest, 
begun to talk about how to or whether it is possible, given turf bat- 
tles, et cetera, to restructure the way we do business in the House 
to focus more clearly on ocean issues someplace. And, of course, I 
think it ought to be here, but I am sure everybody has their own 
idea. 

But it relates very much to the objectives of the National Oceano- 
graphic Partnership Program. And I guess I would just like to ask 
you each, have your institutions seen a change in the level of co- 
operation subsequent to the establishment of the National Oceano- 
graphic Partnership Program? Is it working? Does it need any re- 
finement, or is it just fine the way it is and working well? 

Dr. Grassle. 

Dr. Grassle. I would like to comment on that. In building LEO- 
15, a lot of people were involved. The National Underwater Re- 
search Program funded a lot of science out there, which enabled us 
to begin to understand the environment well enough to really de- 
velop the LEO-15 concept. The National Science Foundation actu- 
ally funded the infrastructure of the system. But more recently we 
feel that the possibilities for using something like LEO-15 can only 
be realized through the kind of broad partnership that our funding 
from the National Ocean Partnership has allowed us to develop. 

We have oceanographic equipment companies coming down and 
finding out things about ocean instrumentation that is off the shelf 
that we didn’t know about, because we are comparing these instru- 
ments in the field. Any instrument of any sort can be plugged into 
LEO-15 and compared with any other instrument. The REMUS 
underwater vehicle, in its 60-kilometer run yesterday, was running 
the same route that a towed vehicle from a boat was running with 
similar instruments. So we have direct comparisons to be made. 

We also had Navy SEALS visiting, just because they were curi- 
ous. They were working with Chris von Alt in another area, and 
they really wanted to see what was happening at LEO-15 and 
were very interested. 

In the education area, one of our grants is in education, and we 
are working with school systems in New Jersey. LEO-15 is avail- 
able on the Web page. That would not have been possible without 
the kind of broad approach to thinking about observing systems 
that the National Ocean Partnership has allowed us to develop. 

The Office of Naval Research has been supporting the modeling 
that relates to these coastal systems. And through the National 
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Ocean Partnership, we have fully integrated the modeling with the 
observing system so that the models are assimilating data, and we 
are making actual forecasts of the ocean. And we were pleased last 
week that the weatherman in our local area, in your district actu- 
ally, referred to the upwelling and what it was like for the people 
going to the beach. 

So I think that the National Ocean Partnership has really helped 
us develop the kind of crosscut all of us envisioned. I think I had 
the opportunity to testify before this Committee once before, in dis- 
cussing something that I know has been foremost in your mind, as 
to how to get crosscutting information more available to make deci- 
sions about the environment. For the oceans, the National Ocean 
Partnership has been an important step in that direction. 

Mr. Saxton. Thank you very much. Anybody else want to com- 
ment? 

Dr. Gagosian. Mr. Chairman, I would like to make a couple of 
comments with respect to the collaboration. If one looks at the list 
of principal investigators, and the projects they have been involved 
with, and the sums of money over the period of time, it is very dif- 
ficult to do that with just one Federal agency. So there is a tremen- 
dous leveraging capability that the partnership program allows for. 
And in many ways it is an initiation of that collaboration, and I 
will just give you an example. 

The LEO-15 exercises that Fred was talking about has led, as 
he mentioned, to Chris von Alt’s work in wanting to establish an- 
other site on Martha’s Vineyard, where there is open water all the 
way to England. The National Science Foundation has funded that. 
On the other hand, there is a significant amount of cost-sharing 
that is involved. 

Because of the success at Rutgers in New Jersey, we were able 
to obtain over a third of a million dollars in cost-sharing from 
someone that actually lives on Martha’s Vineyard who is very in- 
terested in this kind of facility being on the island. So the collabo- 
ration extends beyond the Federal agencies and the principal inves- 
tigators. It actually extends to some of the private citizenry. 

And if everyone participates in contributing to these projects, the 
Federal agencies, the private sector, and then obviously the sci- 
entists and engineers at the different institutions, then you really 
will have a very successful program. 

Mr. Saxton. Thank you. 

Dr. Kennel. 

Dr. Kennel. I have a couple of comments. I am too new to tell 
you whether there has been a change, but I will say the following: 
That if you look at Scripps funding in order of importance, our 
funding comes from the National Science Foundation, the State of 
California, the Navy, NOAA, NASA, DOE, various other agencies. 
And the surprising thing to me is how distinct the activities are 
that are funded by each agency and how critical they are. 

This diversity of funding has made Scripps into a diverse institu- 
tion, and we have been very pleased with it, but I think as we look 
forward, the community has an important new obligation, which is 
to think about how to construct these integrated observing systems, 
both regional and global. And at this point the diversity begins to 
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get in the way — without the further coordination that could be pro- 
vided by an organization like the Ocean Partnership Program. 

The things that need to be done are, first, to be able to develop 
a plan, a strategy; be able to settle amongst the different kinds of 
ocean technologies that have been supported by different agencies 
and institutions, how they ultimately will fit into at least the first 
steps of a global observing system. How will we reach a decision 
on how to balance the contributions of each of these very capable 
technologies? In light of that strategy, where will we put our tech- 
nology investment funds? Who will be the system integrator? Who 
will do the basic technological studies that would bring forth an in- 
tegration at the technical level, the integration that we know that 
we need? 

So I think it is at this level that partnerships, a strong plan and 
leadership is needed to do those tasks that we cannot do by our- 
selves in the present configuration. 

Mr. Saxton. Thank you very much. 

Mr. Farr. 

Mr. Farr. Well, thank you, very much, Mr. Chairman. I wanted 
to thank both panels. I just got out of a meeting, and I had to tell 
everybody I had to leave because I had four science directors, an 
admiral, a secretary and a president waiting for me. So thank you 
for being who you are. 

I look at today as sort of in two categories. One is the existing 
funding category that comes essentially through the public sector, 
and Dr. Kennel kind of mentioned the State of California, the 
NOAA, the Navy, National Science Foundation. 

Dr. Kennel. Department of Energy, NASA. 

Mr. Farr. Department of Energy and NASA. All of those are 
public-funded entities, taxpayer dollars. And it seems to me we 
ought to be getting — from the importance that the panel has told 
us, we ought to be getting a better share of the pie. 

Then the other side is how do you expand the politics, the lob- 
bying effort, the public’s interest in making this a priority? Really, 
I think we need to focus a little bit more on that. 

First of all, on the public side, I believe that each of you have 
financial officers in your entities. You ought to be taking a look at 
the requirements of that funding and come back to us as legislators 
and show us where the bureaucracy just doesn’t make any sense, 
where there is duplication and overlap. 

Secondly, I think we need to have some messages that we are not 
making, and. Admiral Watkins, I was interested in your comment 
on that. Dr. Gagosian talked about all the things we needed to do 
and explore and how we sort of lost the lead. I guess it is the Japa- 
nese that are really putting the money into equipment. We still 
have the know-how, as I understand, but they have the better ma- 
chinery. 

If we are so unexplored in the ocean, and there is so much to 
learn, and it really has to do with, in a sense, national security, 
knowledge about the planet, why hasn’t this moved more into a na- 
tional security issue, particularly in a post-cold war era, where we 
are sort of converting to do things we need to do? We have not done 
very much to put the exploration into a national security issue. 

Admiral Watkins. No, we have not, Mr. Farr. 
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The United States Navy used to command 7 percent of the na- 
tional research budget in the old days when it was $8 billion. This 
is 15 years ago. Today it is SVz percent of a budget which has al- 
most doubled to $14 billion. I am talking basic research now of the 
R&D component, the R component that is seldom broken out from 
D. D disguises the R many times because in D you can have proto- 
type development of a new B-2 aircraft or a nuclear submarine, so 
it disguises what is in R. 

R is the research component. That is what I am talking about. 
It went from $8 to $14 billion. In oceans it stayed constant in con- 
stant dollars, and everybody says, well, that is pretty good, staying 
constant in constant dollars. Now we are 3V2 percent of the invest- 
ment. That is totally inadequate, and we should be building back 
over the next 5 to 7 years to something of the order of $800 or $900 
million. 

So we are not talking about billions of dollars, we are talking 
about going up at about $15 million a year. And if they have not 
explained to the Congress how critically important this is right 
now, then we are not very articulate. 

So we have to start Rowing, and there has to be a deal between 
the Congress leadership and the White House to say, Mr. Presi- 
dent, if you put in another $250 million over the next 5 years as 
a kick-start for getting this thing really going, get international co- 
operation through your Secretary of State at the high level, start 
leveraging these dollars up so we can do the kinds of prediction 
modeling we desperately need right now, then we in the scientific 
community come back to Congress with a plan telling you exactly 
how we are going to spend that money in peer-reviewed research 
that is integrated. We know how to do that. And so, that deal has 
to be made, and we ought to do it for the year 2000 budget. 

And the Feds that the come up here today, they have to stay 
within the 0MB rules. They cannot come up and demand more dol- 
lars. So they are going to try to live with what they are given, and 
I understand that. But yon-all have to reach beyond that and have 
to help get that leveraged dollar up and have us get back to you 
by the first of next year. So when you open again in the new ses- 
sion of Congress, and ask “where are you going to spend the $250 
million,” if you put it in there? We will tell you exactly where. It 
will be valuable all in itself, and we know how to do that. We have 
to be tasked, though. It will not come out of the nine Federal agen- 
cies. They cannot do it. 

Mr. Farr. I understand that, and I accept that challenge. I think 
it is a great challenge. It is one that I accept, and I hope we can 
commit with the Chairman and our Committee to accept that. 

My statement back to you is we also need to move this into a 
sense of national security priorities, because if we do not — I do not 
mean this black box security, I mean the fact that the money 
around here that is being appropriated still is in that, that is 
where the discretionary dollars are. And we ought to be able to 
move some of those discretionary dollars and make those a priority. 

Admiral Watkins. I could not agree more. I think this whole 
issue of national security, unfortunately, has been swept somewhat 
under the rug in the aftermath of the great win in the cold war. 
And while that is a big plus, I think what we did at the same time 
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was decide to say deep ocean research is no longer necessary, the 
Russian submarines are not there. And we did not pick up on the 
fact that that is not the only reason we do ocean research. It is life. 
It is full of life, and we need to know more about it. 

So the national priority needs to be reestablished. And I think 
everything you mentioned earlier, what we are doing now to take 
advantage of the Year of the Ocean and put all these things in 
place is a critical time to say, wait a minute, we have got a new 
national mission of some import. Whether you have the equivalent 
of the old Joint Committee on Atomic Energy up here or whatever 
you do, you have to do something up here to send that signal to 
the administration as well. And I believe we are on the verge of 
setting a new national priority for oceans and how they contribute. 

You heard Dr. Colwell talking about the importance of human 
health and the ocean. We are just beginning to see that El Nino 
has brought a new dimension. I am not talking about biomedical 
research. That will take care of itself. That will be the self-interest 
of pharmaceuticals. I am talking about what is the impact of tem- 
perature growth, whether it is anthropogenic or natural, on human 
health as the population doubles in the world? If we do not start 
that research now, 50 years from now we are not going to be in 
a very good position to deal with disease. 

So national priority has to be put on this and at the Presidential 
level and congressional level, both in cooperation with each other. 

Mr. Earr. I look forward to working with you and maybe even 
actually shaping that letter. I am writing it as you talk. We need 
to tighten that up and get it out and get our Members committed 
to it now even before the election. 

Then the second part of that is how we sort of increase this pub- 
lic buy-in that I think is out there. The excitement is there. I watch 
the kids who when I grew up, you know, the space area, you had 
to get space camp started and we got all excited. Now we have the 
opportunity for sea camps, which I think the demand out there is 
just really keen. And frankly, there are more places where we can 
do those than we can do space camps. 

But Dr. Kennel talked about it had to become personal. And how 
can we start personalizing; how can we take the information that 
yon-all are getting and kind of turn that in? I always kidded, we 
have the fleet numerical, the Navy’s center for all the weather data 
coming to Monterey. The Navy collects all the weather data on the 
globe, every measurable instrument, and it is all fed into Monterey. 

So I said, if you are so damn smart with your big Cray computer, 
why cannot you tell the farmers what the weather is going to be 
like in the Salinas Valley, or why cannot you tell the surfers what 
the weather is going to be like on the coast? I said, there are some 
real commercial interests with what you do. 

Dr. Kennel. Let me just say that, first of all, the National 
Oceans Conference did have a personal impact on me. I came back 
to San Diego, and I wore the cap from the conference the next day 
to the cleaner, and the gentleman behind the desk said, “Oh, I see 
were you at Monterey.” And I said, “Yeah.” He said, ‘You know. 
All the fish have gone away. The ocean is responsible for climate. 
And our coastlines are a mess.” And I said — “well, he got the mes- 
sage.” 
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In any case, Scripps has a program with regard to surf. It is an 
interesting story. Our program takes the Navy’s prediction of wave 
heights on the open ocean and translates it into wave action on a 
kilometer-by-kilometer basis along the California coast. And there 
is a big surfing beach just north of Monterey. The Scripps folks 
came to me one day and said, “You know, we are predicting 25-foot 
wave heights out there. What should we do?” I said, “Put it on the 
Internet.” It had a very interesting effect. Most of the surfers from 
that region who were very knowledgeable said, “we are going to 
stay away from this one, we know what this place is like.” But 
other people from Hawaii and Australia flew in to catch the waves. 
And as you know, the Coast Guard had to intervene and forbid 
them from surfing. 

In any case, it is not only important for surfers to predict wave 
heights, but it is those waves that are basically responsible for the 
transport of sediments down the California coast. Ultimately, we 
are going to be able to tie a lot of the work together. We are going 
to be able to take El Nino predictions — we are not ready yet — ^but 
we will be able to convert those into the water flow in all the Cali- 
fornia watersheds, the rivers. We will be able to estimate how 
much sediment the rivers bring toward the ocean and how much 
gets into the ocean. We will be able to put it all together. 

Mr. Farr. I think the more we do that, the more you will begin 
buying into this public awareness that we need as politicians to put 
their limited tax dollars in the right place. 

Dr. Kennel. The scientists can help to a significant extent. For 
example, just the whole effort to increase the resolution of com- 
puter modeling. This effort takes the global information, which we 
need, and actually brings it down to the local scale and actually im- 
proves that. And I believe the whole climate community is certainly 
focused on that issue. They understand the issue, but the results 
are not there yet. 

Mr. Farr. The next time you bring the group that you talked 
about in your testimony together, would you include FEMA in it? 
The coastal States are really concerned about erosion. And FEMA 
once had a policy where they would provide the FEMA funding for 
coastal erosion, and they have now backed away from all of that. 
And they know there is a big cost out there, but it is a big problem. 
The Florida delegation is very concerned about it, certainly Cali- 
fornia, other areas where there is large populations. 

We have not yet connected the science group and the economics 
that you have been able to pull out of that with the emergency 
funding folks, both 0MB and FEMA. So you need to get them into 
your round table. 

Dr. Gagosian. Mr. Farr, if I could make just a comment about 
your thoughts on public outreach. I think we have done a very poor 
job in the scientific community in articulating the discoveries and 
the excitement, especially of ocean sciences. I think that is begin- 
ning to change now. 

I think one of the reasons why we have done a poor job is, one, 
that things were pretty good in the 1970’s and 1980’s, and we fo- 
cused on how to spend the money and how best to spend money. 
Second, we do not really know how to communicate outside our 
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own community very well, so we stayed within our own community. 
But I think that is changing. 

There are a couple of major programs that are being undertaken 
now. I think one way to do it is through traveling-museum exhib- 
its, where the substance is put in place by the scientists them- 
selves, but not the way the exhibit is put together. That is put to- 
gether by professionals who work in concert in a collegial way. And 
we actually are doing something like that now. Two 7,000-square- 
foot museum exhibits that will be done, hopefully, by the beginning 
of 1999, or at least by the middle of 1999, will travel to 15 major 
museums around the country, museums that have 2 to 4 million 
a people a year that go through them. So that is one way to do it. 

The other is with respect to the K-12 issue. Again, I think it is 
necessary to have professionals. Most of the time scientists tell peo- 
ple what they need to know. They rarely ask them what they want 
to know. And I think we have to change that pattern, especially 
with teachers. And that is beginning to happen as well. 

Again, one way do that is with a professional outside company, 
and we have actually spun off an outside company to start some- 
thing like that, with people that know this business that are in the 
publication business, and they themselves are working with, in this 
particular case, Harcourt General, who has put significant money 
in, significant being over a million dollars, to start to put together 
curriculum for fourth- to sixth-graders and seventh- to ninth-grad- 
ers, a curriculum that will consist of books and workbooks and 
handbooks, but also obviously a very strong Web interactive service 
so that the students can see the results as they are happening and 
actually talk with the people that are being involved. 

Video will play a big part in this as well. I see that coming on 
the horizon. When we took the ship Atlantis that we have to Wash- 
ington, to Alexandria, last year, it was a real wake-up call for me 
because every kid wanted to see that, and they were very excited. 
Ocean sciences is a wonderful way to hook children to get them in- 
terested in the basic sciences, because the ocean is not a science, 
it is a place, and you need physics and chemistry and biology and 
engineering and geology. And that is the great hook that I think 
will bring the children into it. 

Dr. Grassle. I just want to agree with Bob’s comment on the im- 
portance of getting marine science into the schools. We are involved 
in about 40 different school districts in New Jersey working with 
teachers to introduce a marine science curriculum as part of a 
science program at those schools. And we just 2 weeks ago had a 
workshop for teachers involved with LEO, and they went out on 
the boats, they watched the computers, looked at the models and 
so on. So they got a real, firsthand feel that they could bring back 
to the classroom. 

But I also think that, in trying to get the public involved, we 
need to better explain that applied problems are also basic prob- 
lems. I am always surprised when I go to various forums on prob- 
lems such as beach erosion or problems associated with pollution 
of our ports that people do not go back to first principles and say, 
how does this environment work, how does sand move off the coast 
of New Jersey in our case, or what really is controlling the move- 
ment of contaminated sediment at the port? 
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These are observing system issues, but the observing system is 
simply the basis for the understanding. And we feel that getting 
the public involved by putting the information from observing sys- 
tems relevant to applied problems over the Internet is involving 
the public. Also, making data available through geographic search 
engines over the Internet is another useful approach. 

Mr. Farr. All the high schools in rural areas teach agriculture 
because there are jobs after you get out of high school. Every ocean 
community high school ought to be teaching about the oceans be- 
cause there are going to be jobs in the oceans. And we have not 
linked that future employment to our educational training. 

Dr. Grassle. I know you are familiar with Project MARE devel- 
oped at Berkeley. That is the curriculum we are using in these 40 
school districts. 

Mr. Farr. Take a look at the Virtual Canyon, which is one of the 
exhibits at Expo in Lisbon that was formed from the high school 
and elementary schools in Monterey on the Monterey Canyon. It is 
a very exciting curriculum that they are developing right now. 

Mr. Saxton. Let me just expand the conversation if I may for 
just a moment, and then we are going to have to leave. 

Obviously, as was pointed out by the admiral earlier, the ocean 
covers a great deal more of the earth than we have the capacity 
to study, particularly as a result of our efforts here in this country. 
And it seems to me that a cooperative effort internationally would 
be quite beneficial in light of the fact that these activities are ex- 
tremely expensive and we are stretching now to expend our efforts. 

What is going on internationally? Is there a degree of coopera- 
tion, and is there reason for us to be optimistic that ocean research 
internationally is something that we could look forward to hearing 
more about? 

Dr. Gagosian. Mr. Chairman, there are a couple of examples I 
would like to give. One is with respect to the ocean observing sys- 
tem in our countries. 

The European Union is moving ahead very rapidly. As a matter 
of fact, they are ahead of us. They are already planning experi- 
ments in the northeastern part of the Atlantic Ocean. On the other 
hand, there are a lot of discussions going on between our scientists 
and their scientists in planning joint expeditions and joint plans. 

There is a lot of cooperation also with the Japanese with respect 
to the potential for new ocean-drilling program opportunities into 
the next millennium, and they are actively involved in those dis- 
cussions, not only with the United States, but with several other 
countries that are involved in the ocean-drilling program. 

And third, the Japanese, also with respect to deep sea observ- 
atories, are putting sums of money into this problem that are a bit 
overwhelming. The Japanese Marine Science and Technology Cen- 
ter had a $100 million plus-up just for deep sea observatories and 
autonomous vehicles. One hundred million dollars is half of the 
total NSF ocean sciences budget in one year. So that is just the 
plus-up. 

So clearly there are a lot of opportunities to work with them. But 
those are just three examples, and I am sure that there are other 
members of the panel that have others. 
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Dr. Kennel. Perhaps my experience at NASA in helping develop 
an integrated observing strategy from space will be helpful. There 
is a Committee on Earth Observation Satellites, which consists of 
18 spacefaring nations. The program leaders get together once a 
year, and they have worked to coordinate their activities. At 
NASA’s pushing, we convinced them that the integration of the 
space observations could only go so far, at which point they had to 
come to grips with the fact that they also needed complementary 
ground-based and in-ocean observations. They then stopped and 
asked themselves the question, OK, that is scientifically correct; 
Now what do we do? Whom do we talk to? 

They have been having difficulty finding an analogous organiza- 
tion to speak to that could pull together the in situ observations. 
In this particular case, the oceans let us organize our efforts in 
such a way that we could work on the international scene with the 
already partially organized space effort. 

Mr. Saxton. Thank you. 

Dr. Grassle. 

Dr. Grassle. There is also interest in having an observing sys- 
tem for biological diversity, and there is an international program 
called DIVERSITAS, which is kind of an umbrella for most of the 
international organizations. And although DIVERSITAS has most- 
ly terrestrial members of its executive committee, there is really a 
strong effort to get something going in the marine environment. 
Recently the Sloan Eoundation became interested in this issue, 
raising the question as to why we cannot have a clear idea of how 
many fish are in the ocean, how many fish species. 

Now, I see this as a metaphor for understanding about life in 
general in the oceans. Rita Colwell mentioned that the new tech- 
nologies in ocean observation give us the background to look in 
more detail at the processes in the ocean. That is particularly true 
for organisms such as fish, but also life on the sea floor and the 
enormous diversity in the deep sea. 

All of that depends on designing a global sampling system so 
that we do not inadvertently lose this important diversity for fu- 
ture generations. 

Mr. Saxton. Thank you very much. 

I want to thank each of you for the insights that you have 
brought to us today. It has been a very interesting and educational 
2 V ‘2 hours or so that we have been able to spend here with you 
today. We could spend a lot more time; however, we are going to 
have to bring the Subcommittee hearing to a close at this point. So 
thank you very much. 

The hearing record will be kept open for 30 days for potential re- 
sponses to questions that Members may have, which they will sub- 
mit in writing. 

[The information referred to may be found at end of hearing.] 

Mr. Saxton. If there is no further business, the Chairman again 
thanks the members of the Subcommittee, as well as our witnesses, 
and the Subcommittee stands adjourned. 

[Whereupon, at 12:18 p.m., the Subcommittee was adjourned.] 

[Additional material submitted for the record follows.] 
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Statement of D. James Baker, Under Secretary for Oceans and Atmosphere, 
U.S. Department of Commerce 


INTRODUCTION 

Good morning. I am James Baker, Under Secretary of Commerce for Oceans and 
Atmosphere and Administrator of the National Oceanic and Atmospheric Adminis- 
tration. I thank you, Mr. Chairman, and members of the Subcommittee, for this op- 
portunity to testify on ocean observations and related activities performed by the 
National Oceanic and Atmospheric Administration (NOAA). 

Over ten years ago, NOAA embarked on a mission to observe and record physical 
oceanographic and surface meteorologic features in the equatorial Pacific Ocean. 
This mission required the deployment of a new variety of observing instruments, in- 
cluding moored buoys, drifting buoys, atmospheric profilers, tide guages, and sen- 
sors released from volunteer ships. These instruments began to record data related 
to ocean currents, profiles of seawater temperature, salinity, and surface wind and 
air temperature. For years, these data were collected, transmitted via satellite to 
NOAA laboratories, and studied by Federal, university, and even international sci- 
entists. Over time, the data began to present shapes and patterns of physical oce- 
anic change, and divulge secrets of one of nature’s most powerful climatic events, 
the El Nino. The result of this sustained investment in ocean observation has 
brought unprecedented economic returns to this country and has introduced ocean 
and climate science to homes across all regions of the United States. Beyond ques- 
tion, the benefits from this type of long-term, continuous ocean observation are enor- 
mous. 

NOAA’s many activities during the El Nino of 1997/1998 demonstrated the value 
of long-term ocean observations, and of our efforts to discover the linkages among 
oceans, the atmosphere, marine ecology, and human society. The ENSO observing 
system provided the early detection of conditions that might lead to an El Nino, and 
soon after models developed by NOAA or by its academic partners produced quite 
accurate forecasts of the timing and relative intensity of the coming El Nino. NOAA 
worked closely with FEMA, state agencies and the media to ensure that accurate 
information on El Nino was readily available to decision-makers and the public. 
Once it was clear that El Nino of historic proportions was underway, NOAA under- 
took a series of special studies to document impacts along the U.S. Pacific Coast, 
where large impacts were expected and where a rich base of existing data were 
available as a background. These efforts made dramatic improvements in the accu- 
racy of 3-5 day weather forecasts, provided vital information for shorter range 
weather forecasts and flood warnings, and we expect, will provide significant new 
insights on how anomalous ocean conditions affect plankton, fish, seabirds, and ma- 
rine mammals in coastal waters. 

All seven of NOAA’s Strategic Goals rely to some degree on observations of the 
world’s oceans and seas, including their physics, chemistry, and biology. Our under- 
standing of the surface and interior oceans, their variability and interaction with 
the atmosphere, and of subsurface processes and resources, is far from complete. De- 
spite our recent success in predicting long-range climate events, including the cur- 
rent El Nino event we predicted many months in advance, we still have far to go. 
Recognizing this fact. President Clinton and Vice President Gore called for an agen- 
da for action regarding the oceans at the recent National Ocean Conference in Mon- 
terey, California. There, they highlighted the critical significance of the oceans to 
our Nation’s economic and social well-being, and issued a directive for increased ob- 
servations of the world’s ocean processes and features. 

At this conference, the Administration launched nine major initiatives for the ex- 
ploration, restoration and protection of America’s vital ocean resources. These meas- 
ures will provide new scientific insight into the oceans, promote sustainable use of 
fisheries and other marine resources, open new opportunities for jobs and economic 
growth, preserve national security and freedom of the seas, and help preserve our 
oceans for all time. The President and Vice President are proposing an additional 
$224 million through 2002 to support these efforts beginning in FY 2000. The initia- 
tives particularly relevant to ocean observations are Exploring the Last U.S. Fron- 
tier and Monitoring Climate and Global Warming. NOAA has a critical role in the 
development and implementation of these initiatives. 

To unravel deep-sea mysteries, discover new opportunities in the ocean, and bet- 
ter understand how to protect marine resources, the Administration is launching a 
program to map and explore U.S. ocean waters with advanced underwater tech- 
nology. This initiative, called "Exploring the Last U.S. Frontier ” proposes $12 mil- 
lion through 2002 to be used to expand two shallow-water observatories (Aquarius 
and LEO), build two new deep-sea observatories (Gulf of Mexico and Juan de Fuca 
Ridge), and develop two high-tech submersibles to explore exotic sea life. A new ini- 
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tiative has been launched in partnership with the National Geographic Society and 
Goldman Foundation to explore our National Marine Sanctuaries. 

To understand better the role of the oceans in shaping our weather and climate, 
and to help address the threat of global warming, the Administration has an- 
nounced “Monitoring Climate and Global Warming,” an initiative for an expanded 
ocean monitoring system. We are proposing an additional $12 million through 2002 
to place hundreds of monitoring buoys in the North Atlantic and North Pacific to 
measure critical ocean data, including temperature and salinity at different depths. 

To begin today, I would like to explain the scope and nature of NOAA’s existing 
ocean observation systems and present areas where additional work and study are 
required. Understanding our ocean observation programs will require some discus- 
sion of the tools and processes used for observation. These tools — submersibles, 
automated profiling buoys, state-of-the-art satellites — are in a process of almost con- 
stant evolution as our abilities to understand the oceans deepen and our needs for 
scientific data expand. 

Clearly, ocean observation includes the assessment and monitoring of living ocean 
resources. A major challenge confronting our fisheries managers involves observa- 
tion of fish stocks using antiquated and unsuitable vessels. NOAA’s fleet of eight 
fisheries research vessels has reached or exceeded their expected service lives. Ad- 
miral Craig Dorman recently reviewed NOAA’s plan to replace the capacity of these 
vessels. I will conclude my comments by detailing his report. 

EXISTING OCEAN OBSERVATION SYSTEMS 

Perhaps the best known of NOAA’s ocean observing systems is the El Nino South- 
ern Oscillation (ENSO) Observing System. This system is comprised of a moored 
buoy array, drifting buoys, a fleet of volunteer observing ships (VOS), remote sens- 
ing satellites and a sea level gauge network. Each component of this network con- 
tributes in a different way to our knowledge of ocean processes and to our predictive 
capability. While the ENSO Observing System is focused on the tropical Pacific 
Ocean, scientists have recognized that climate variability results from interactions 
among different oceanic regions, so that improved predictability requires observa- 
tions of all oceans, which can be combined to create climate information critical to 
a host of U.S. and foreign users. Thus, in 1998, the International Year of the Ocean, 
NOAA committed to participating in the building of a Global Ocean Observing Sys- 
tem (GOOS) that is essential to improving the basis for our climate forecasting. 

The Global Ocean Observing System 

Working toward the Global Ocean Observing System, NOAA has adopted a simple 
strategy: through our climate research program, we support cooperative inter- 
national observation projects which target modes of climate variability (ENSO, the 
Pacific Decadal Oscillation (PDO) the North Atlantic Oscillation (LAC)), etc.) while 
at the same time form “building blocks” of GOOS. The building blocks, or networks, 
on which we are concentrating most of our attention for sustained ocean observa- 
tions are the following: (1) deep ocean moorings; (2) surface drifting buoys; (3) tide 
gauges; (4) Volunteer Observing Ships; and (5) autonomous profiling floats. These 
networks complement each other, and each contributes its unique capabilities to the 
composite system. In combination with remote sensing from satellites, these five 
networks provide the backbone of the sustained global ocean observations needed 
to improve climate forecast skill. 

Using the same automated sensing technologies developed for the ENSO observ- 
ing system, and in cooperation with international partners, a pilot array has been 
established in the Atlantic in search of modes of Atlantic climate variability that 
interact with the Pacific variability. Relying on a foundation of cooperation with 
international partners, NOAA plans additional network expansions in the year 
2000, building on the ENSO System and the Atlantic pilot array that will target 
the North Pacific, the extra-tropical Atlantic, and the eastern Indian Ocean to ob- 
serve the modes of climate variability beyond ENSO. 

The first four of the five networks (building blocks) were developed over the last 
15 years as part of the research on El Nino. The Tropical Atmosphere Ocean (TAO) 
array of 70 moorings spanning the equatorial Pacific, the VOS fleet of 68 research 
and volunteer commercial ships covering all oceans, the 63 Indo-Pacific and Atlantic 
island tide gauge stations, and the global array of 390 drifting buoys, together form 
the ENSO Observing System. This composite observing system, essential for 
NOAA’s climate forecasting mission, is now maintained on an operational basis. The 
fifth network, autonomous profiling floats, is a new technology that is not yet part 
of the “operational” ENSO Observing System, but is proving its value through two 
research arrays (described below) and is now considered a proven member of the 
composite, five-network ocean observing system. The Global Ocean Observing Sys- 
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tern will consist of some combination of these different measurement systems. This 
innovative technology, specified by the President’s proposal in Monterey, will com- 
plement other in situ and remote satellite observations to refine climate prediction 
models. 

The need for ocean observations to track the Pacific El Nino is well understood. 
We also know that the Atlantic Ocean generates a significant, but less understood, 
influence on the climate of North America as well as South America, Europe, and 
Africa. The influence of the tropical Atlantic competes with, and is modulated by, 
the Pacific El Nino. These processes can, for example, modulate the frequency and 
intensity of hurricanes impacting the U.S. eastern seaboard, as dramatically dem- 
onstrated by the dearth of hurricanes in the 1997 season — a favorable impact of El 
Nino. In 1998, NOAA supported implementation of the new Pilot Research Array 
in the Tropical Atlantic (PIRATA) in cooperation with France and Brazil. This array 
of 12 moorings is, in effect, an eastward extension of the TAO array; five moorings 
have been deployed to date, with the additional seven scheduled over the next year. 

Other existing NOAA programs for ocean observation include the following: 

• A global network of tide gauge stations that has become essential for removal 
of the inevitable instrument drift in altimeter measurements for accurate cli- 
mate forecasting. 

• A contribution of 19 autonomous profiling floats to National Science Founda- 
tion’s Atlantic Circulation and Climate Experiment. 

• An expansion of the ENSO observing system with 100 additional surface drift- 
ers, 75 profiling floats, and four high density VOS lines concentrated in the 
eastern Pacific to study the North Pacific Decadal Oscillation. 

•Satellite systems that provide information globally on winds, the thermal 
structure of the atmosphere, and sea surface temperatures. 

• The National Water Level Observation Network of 189 tide gauges to provide 
essential data for navigation, tsunami and storm surge warnings, legal deter- 
minations of property lines, sea level rise, and other public and commercial ap- 
plications. 

• A network of coastal ocean weather buoys to provide frequent, high-quality 
marine observations to diagnose conditions to prepare and validate weather 
forecasts. 

Seafloor Observation Systems 

While at the National Ocean Conference in Monterey, Vice President Gore noted 
that submersible and hydroacoustic technologies have brought scientists to a new 
frontier in fields of undersea research. Recent scientific advances have allowed us 
access to thousands of square miles of virtually unknown seafloor resources. NOAA 
has a rich history of support for seafloor observatories and is providing significant 
new support for various efforts. These include: the “Aquarius” habitat in the Florida 
Keys, the Long-term Environmental Observatory (LEO) effort off the coast of New 
Jersey, and the VENTS program in sites along the Pacific Coast. 

AQUARIUS 

Owned by NOAA and managed by the University of North Carolina at Wil- 
mington (UNCW), Aquarius is the world’s only underwater laboratory from which 
diving scientists can live and work beneath the sea during research missions up to 
10 days in length. For its current assignment, Aquarius operates at a depth of 60 
feet at the base of a coral reefwall off Key Largo, Florida. The 81-ton, 43x20x16.5- 
foot underwater laboratory has many of the comforts of home while also providing 
scientists with sophisticated laboratory capability. 

The special diving capability of Aquarius, called saturation diving, allows sci- 
entists to work outside the habitat on the reef up to nine hours a day without fear 
of getting the bends, compared to one hour if they had to work from the surface. 
Increased research time on-bottom is the key element that enhances scientific pro- 
ductivity beneath the sea. The support personnel of the National Undersea Research 
Center at UNCW enhance program productivity through diver training, and sci- 
entific and operational expertise. Safety is a hallmark of the program. 

Aquarius is the centerpiece of a comprehensive environmental research program 
in the Florida Keys aimed at better understanding and preserving the health of 
coral reefs and near shore ecosystems. 

LEO 

September 1996 marked the completion of a seafloor observatory facility providing 
a real-time Internet link to the undersea environment off the coast of New Jersey. 
This innovative link provides access to the ocean floor for scientists, engineers, stu- 
dents and educators. 
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The Long-term Ecosystem Observatory facility, or LEO, was established in 16 me- 
ters of water (and named appropriately LEO-16) on the dynamic inner continental 
shelf off Tuckerton, New Jersey (just north of Atlantic City). The observatory facil- 
ity, recently renamed the LEO-15 National Littoral Laboratory, consists of two in- 
strumented platforms (termed “nodes”), anchored to the seafloor at distances of 4 
and 6.5 km from the entrance to Great Bay. The nodes are connected to a shore- 
based facility by 9.6 km of electro-optical cable that is buried 2 m meters below the 
seafloor. LEO-15 provides an excellent site to test and deploy sampling and sensing 
equipment. Guest ports are available at each node of the observatory facility to sup- 
ply power, operate instruments, and transmit data. 

The LEO-15 observatory was built as a partnership between the Institute of Ma- 
rine and Coastal Sciences (IMCS) at Rutgers University, and the Ocean Systems 
Laboratory of the Woods Hole Oceanographic Institution. Support for the develop- 
ment and installation has been provided by the National Science Eoundation. Addi- 
tional support has come from NOAA’s National Undersea Research Program 
(NURP) through the Mid-Atlantic Bight National Undersea Research Center. NURP 
continues to provide support, both for maintenance and operation of the observatory, 
and for research at the site. In addition, the Office of Naval Research and the Na- 
tional Oceanographic Partnership Program (NOPP) are supporting modeling efforts, 
research, and further development of the observatory facility and its sensing capa- 
bilities. 

One area of rapid advancement has been in the development of an autonomous 
vehicle, REMUS (Remote Environmental Sampling Units), that will become inte- 
grated into the observatory facility. REMUS vehicles will be used widely in the vi- 
cinity of LEO-15 this summer as part of a multi-platform adaptive sampling effort 
focusing on evaluating a relocatable, data assimilative, coastal-ocean forecasting 
model. 

VENTS 

Through its VENTS Program, NOAA is conducting ground-breaking research and 
observations of processes and ecosystems in the interior ocean and sea floor. One 
recent important finding is the discovery of episodic volcanic/hydrothermal bursts, 
called megaplumes, which inject massive heat and chemical inputs into the ocean 
as a consequence of deep-sea volcanic eruptions. Megaplumes persist in the ocean 
for months, maybe years, and have important ocean environmental consequences be- 
cause of their heat and chemical content. Now, it is suspected they play an impor- 
tant role in macro- and micro-biological ecosystems. 

The VENTS Program obtained access to the U.S. Navy’s Sound Surveillance Sys- 
tem hydrophore network and has designed and implemented the world’s only real- 
time, Pacific-wide acoustic monitoring capability. This capability enables VENTS to 
detect and locate deep volcanic eruptions and thus makes it possible for these events 
to be studied while they are active. While these are the most common volcanic erup- 
tions on Earth, it was not until 1993 when VENTS detected an eruption taking 
place off the coast of Oregon, along the Juan de Euca Ridge, that a deep-sea erup- 
tion was studied while it was active. These eruptions have profound impacts on the 
ocean’s thermal, chemical, and biological environments. 

VENTS scientists are pioneering the study of the sub seafloor microbial biosphere 
through seafloor and water column sampling projects. These projects, including sam- 
pling of the plumes arising from active deep volcanic eruptions, have shown that 
eruptions are literally windows into the biosphere. Within the last five years, 
VENTS scientists have discovered that the most unusual of the bacteria which live 
in extremely hot sub seafloor environments are very common in eruption 
megaplumes. The monitoring and sampling technologies designed by VENTS have 
made it possible to recover microbial species with profound potential in industrial, 
environmental, biotechnical and pharmaceutical applications. Eor example, an en- 
zyme found only in deep hydrothermal vents is revolutionizing our ability to rep- 
licate DNA using the polymerase chain reaction technique. This technique can be 
used to identify, with a very high probability, disease-causing viruses and/or bac- 
teria, or the DNA of a particular individual. 

AREAS THAT NEED ADDITIONAL STUDY 

The historic success in forecasting the 1997-98 ENSO event placed an immediate 
demand on NOAA to improve tropical forecasting and expand our understanding of 
extra-tropical variability. Conditions in the Pacific in the 1980s were significantly 
different from those in the 1990s due to decadal-scale shifts in the ENSO cycle. Un- 
derstanding of other variability modes in the Pacific such as the Pacific Decadal Os- 
cillation and the American Monsoon is a priority for NOAA’s climate research pro- 
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gram. We must build a sustained observing system in the North Pacific to monitor 
this region of significant impact on the U.S. 

A focused extension of observations into the eastern Indian Ocean is also needed. 
Many scientists think that westerly wind bursts from the Indian Ocean may some- 
how trigger the onset of El Nino. There is considerable evidence that the sea surface 
temperature variability there influences the Asian/Australian Monsoons, thus affect- 
ing their predictability and hence the predictability of El Nino. In 1998, the Japan 
Marine Science and Technology Center (JAMSTEC), one of our principal partners 
in Indo-Pacific observations, began deployment of their TRITON moorings in the 
western Pacific as the first step in extending the ENSO Observing System west- 
ward. As a complement to JAMSTEC’s TRITON moorings, NOAA must work with 
Japan and other Austral/Asian nations to deploy other network platforms to inves- 
tigate sea surface patterns in this critical monsoon area. The expansion of these 
types of monitoring platforms is an important component of the initiative “Moni- 
toring Climate and Global Warming” issued in Monterey. 

As mentioned above, climate models suggest that the atmosphere and the Atlantic 
Ocean may be coupled to create a climate influence of great importance to the 
United States, particularly the easterner U.S. The so-called North Atlantic Oscilla- 
tion (NAO) and the Tropical Atlantic Variability (TAV) unquestionably affect our cli- 
mate, but we do not understand how. The first step in understanding these Atlantic 
regimes is to establish an observing system, similar to the one we have in the Pa- 
cific. Over the next two years, data from the Atlantic pilot array will be analyzed 
to assess long-term observational requirements for the Atlantic. 

Assessment and definition of long-term ocean observing strategies is a major task 
for NOAA and its partners, so that only the best, most cost-effective systems are 
deployed. Research projects such as CLIVAR and operationally oriented efforts such 
as GODAE include efforts to develop effective observing strategies. NOAA will be 
a major participant in these efforts. 

Results from the existing undersea research efforts have demonstrated that there 
are new discoveries with potentially large economic payoff waiting for us beneath 
the oceans. NOAA intends to increase its efforts in the existing shallow water ob- 
servatories (Aquarius and LEO) and to participate in the development of two new 
deep water observatories. Efforts on the Juan de Fuca Ridge and in the Gulf of Mex- 
ico will allow intensive study of newly discovered species and estimation of their po- 
tential economic value, provide more quantitative data on the impacts of seeps and 
vents on ocean chemistry and heat balance, and learn of other ocean processes or 
resources. VENTS and NURP will work with NSF and others to implement an ob- 
servatory on the Juan de Fuca Ridge. The two NOAA programs will provide the sus- 
tained observation effort and dedicated logistics support that will serve as a frame- 
work for process research by scientists supported by NSF. 

Over the years, NSF and NOAA have had a complementary partnership under 
which the NSF RIDGE Program has emphasized sub seafloor science, while the 
VENTS Program has emphasized the area from the seafloor to the ocean surface. 
Both programs have an interest in the exciting biological discoveries in the venting 
areas, and are working in close coordination. The NOAA role in the observatory on 
the Juan de Fuca Ridge will require about 60 days-at-sea of major ship support each 
year from either NOAA or UNOLS vessels, as well as access to manned and un- 
manned submersibles from UNOLS, Canada, and elsewhere. 

During the height of the 1997/1998 El Nino, NOAA undertook a special study to 
determine the impacts of El Nino on the west coast of the United States, with em- 
phasis on coastal weather and marine ecology. This study clearly demonstrated the 
strong link between climate variability and weather events. Over the next several 
months, NOAA will evaluate how increased or redirected ocean and atmospheric ob- 
servations might improve the predictability of climate variations at regional scales 
and related weather events. 

Finally, our 12 National Marine Sanctuaries remain largely unexplored. In Mon- 
terey, the President announced efforts to support the recently announced five-year 
research expedition within the Sanctuaries that will be led by Dr. Sylvia Earle, the 
explorer in residence to the National Geographic Society. Dr. Earle’s “Sustainable 
Seas Expeditions” will assist in developing a more comprehensive inventory of the 
biodiversity within our National Marine Sanctuaries. These efforts will improve 
science-based recommendations for stronger protections, such as the “no-take” zones 
in the Florida Keys National Marine Sanctuary. 

PARTNERSHIPS FOR OCEAN OBSERVATION 

NOAA employs many different types of tools and technologies to undertake ocean 
observations. A mix of observation platforms (ships, submersibles, moored and drift- 
ing buoys, tide gauges, etc.) perform in situ measurement, sampling, and/or sensing, 
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while several satellite- and land-based remote sensing systems provide broad-scale 
surface measurements. The capital and operational costs of collecting ocean observa- 
tions are very high and NOAA is not able to fully underwrite these costs alone. 
Thus we are working in cooperation with other nations and collaboratively with 
other agencies on oceanographic research and in situ and satellite observations. Fur- 
ther, we are working with UNOLS to optimize the use of research ship resources. 
Likewise, it was through a partnership among academia, private industry and a 
non-profit foundation, that Aquarius, the world’s only underwater laboratory, was 
refurbished and put back into operation as Aquarius 2000. 

These extensive partnerships are essential tools for ocean observation, and rep- 
resent significant enabling capabilities. The two principal types of partnerships we 
undertake are; (1) those with academic institutions and, (2) those with other Federal 
agencies. NOAA is very proud of its institutional partnerships with academia, rep- 
resented by the numerous state Sea Grant programs, the Undersea Research Cen- 
ters, and the Joint and Cooperative Institutes. Together, these programs conduct at 
least $80 million of research annually in support of NOAA’s missions. Additional 
tens of millions of dollars flow to academic scientists through other funding path- 
ways. NOAA’s Environmental Research Laboratories are Associate Members of the 
Consortium for Oceanographic Research and Education (CORE), providing an addi- 
tional communications channel to academic institutions. 

Partnerships with private industry, particularly those that involve fishers in data 
collection, are also important. For example, NOAA’s Northwest Fisheries Science 
Center is developing an Electronic Logbook with Innovative Technology Funds. This 
prototype project, which is carried out in response to an industry request, will give 
NOAA the opportunity to mount private-vendor conductivity-temperature-depth me- 
ters on as many as 200 West Coast trawl vessels, to supplement data gathered by 
research surveys on NOAA vessels. 

NOAA has joined with other Federal agencies to undertake projects like the South 
Florida Restoration Program, and has taken the lead on studies in Florida Bay, 
where NOAA’s oceanographic and ecological research capabilities are critical to the 
project’s success. NOAA is very active in the National Oceanographic Partnership 
Program (NOPP). We support the purpose of NOPP, as stated by the Congress, and 
are very appreciative of the leadership role played by the Secretary of the Navy and 
the Office of Naval Research. The NOPP Pro^am Office at CORE is providing ex- 
cellent support to the NOPP Interagency Working Group. 

During the first two years of NOPP, NOAA scientists partnered with various 
agency, academic, and private sector colleagues to establish systems to make ocean 
observations, including a pilot North Pacific mooring, development of chemical and 
big-optical sensors, dual use of the Navy’s Over the Horizon Radar, and a coastal 
forecasting system in the Chesapeake Bay. NOAA and partner agencies utilized the 
NOPP process this fiscal year to undertake a research program on the Ecology of 
Harmful Algal Blooms, and NOAA’s request for FY 1999 provides funds for NOAA 
to utilize the capabilities provided by NOPP to investigate the seasonal hypoxia in 
the northern Gulf of Mexico. NOAA will seek additional opportunities for involve- 
ment in NOPP as circumstances permit. 

NOAA supports the concept of global-scale observing systems, such as the Global 
Ocean Observing System (GOOS) and the Global Climate Observing System 
(GCOS). Internally, NOAA has organized an approach to GOOS and GCOS that 
combines the capabilities of our research laboratories and our joint institute part- 
ners to undertake systematic, sustained in situ ocean observations. The overall sci- 
entific and engineering expertise available through this joint approach will allow 
NOAA to obtain the highest quality measurements at the lowest possible cost. For 
full implementation, we recognize that global-scale observing systems require inter- 
national participation and financial support. At present, scientist-to-scientist, agen- 
cy-to agency, or United Nations-based arrangements are being used for inter- 
national partnerships. Because these global observing systems will be needed over 
very long periods of time, these arrangements must be made by fiscally and tech- 
nically capable governments, with binding scientific responsibilities, and a commit- 
ment to global application and universal benefit. Consideration of this might become 
a task for a new Ocean Commission. 

NEW OBSERVATIONAL TOOLS NEEDED 

As discussed in detail below, additional observations of the oceans are desperately 
needed. Yet I must add that another critical limiting factor to improved climate and 
weather predictions is our limitation on computing power. The climate prediction 
centers in the United States must have access to faster computers and larger data 
storage capabilities if we are to create higher resolution models and incorporate new 
types of data into these models. It does little good to increase observations without 
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the simultaneous ability to assimilate and apply these data for improved forecasts. 
NOAA currently is evaluating the status of its computing infrastructure. 

Understanding climate is a global issue. As the climate prediction centers begin 
installing the next generation forecast models, better data sets will be required cov- 
ering the global ocean. In addition to targeting the key regions of critical importance 
outlined above, global measurement of sea surface temperature, upper ocean mass, 
and surface meteorology will be essential. The international research community is 
currently at work designing observational strategies for extended climate studies. 
NOAA is evaluating the ENSO Observing System to make it as efficient as possible. 
By the year 2000, we will be ready to move forward with the five networks to imple- 
ment the global observations needed. 

Scientists at Woods Hole Oceanographic Institution (WHOI) are developing a plan 
to deploy moorings at several of the old at-sea weather station sites, where time se- 
ries data sets from the past can be recovered and continued forward to document 
climate variability and change. These “ocean observatory” moorings are being de- 
signed as a complement to the drifting arrays, VOS, and satellite networks, and are, 
in effect, an extension of the TAOATRITON/PIRATA network into the higher lati- 
tudes. 

Along with the Atlantic pilot arrays, NOAA initiated a “Better VOS” project in 
1998 to improve the measurement capabilities of the Volunteer Observing Ship 
(VOS) fleet world-wide. By the year 2000 the automated observing instruments, 
being developed at WHOI and integrated through the Small Business Innovation 
Research Program, will be ready for deployment on the VOS fleet. 

One of the advantages of the five-network system is its flexibility in providing 
various platforms for measuring a host of climate variables — autonomously. For 
global monitoring of carbon dioxide, measurements in the ocean as well as in the 
atmosphere must be maintained. The oceans are major “sinks” absorbing carbon di- 
oxide, the principal greenhouse gas contributing to climate change. Presently, ocean 
carbon measurement campaigns must be supported by research vessels. NOAA sci- 
entists, in collaboration with scientists from five other institutions, are working on 
a NOPP supported project to develop autonomous carbon sampling instruments that 
can be placed on moorings (and potentially other platforms) to operate independ- 
ently over the long-term at much lower cost. This project is also developing other 
autonomous sensors and by the year 2000 will be ready to transition next genera- 
tion technologies to the oceanographic community for long-term monitoring of bio- 
geochemical and big-optical as well as physical processes. 

The two existing arrays of autonomous profiling floats in the Atlantic and east 
Pacific represent the early phase of a much larger plan under development by a 
team of researchers from Scripps Institution of Oceanography and Woods Hole 
Oceanographic Institution to deploy a global network of floats. Floating submerged 
at various depths to provide circulation information, these 4-foot long tubes auto- 
matically ascend to the ocean surface once every two weeks to report ocean tempera- 
ture and salinity profiles needed to calibrate satellite observations and interpret 
subsurface ocean characteristics (satellites cannot see below the ocean surface). This 
project is called Argo and is an essential complement to the satellite altimetry mis- 
sion, Jason, and successor missions. The project will expand the tropical arrays and 
help fill the large gaps — data voids of thousands of kilometers — between the moored 
arrays and the VOS lines. 

Another international project that you will undoubtedly hear much more about 
over the next two years is GODAE — the Global Ocean Data Assimilation Experi- 
ment. This project will create a means to provide up-to-the-minute analyses of ocean 
conditions, the way we now have analyses of atmospheric (weather) conditions for 
use by the shipping industry, search and rescue, exploration and engineering, fish- 
eries, disaster preparedness and response, and all other ocean users, as well as cli- 
mate forecasters. GODAE is a huge assimilation and modeling effort that will re- 
quire the resources of many nations to accomplish. It is being organized under the 
auspices of the international Ocean Observations Panel for Climate. NOAA is com- 
mitted to supporting this effort through our ocean observations program — we will 
help provide the global, real-time, in situ ocean measurements necessary for assimi- 
lation into the global ocean models. 

In order to implement a Global Ocean Observing System, maintenance of an in- 
frastructure for global data set management and international implementation is as 
essential as maintenance of ocean platforms. It is this infrastructure that will glue 
the networks together to make a truly global “system.” A critical element of NOAA’s 
observational strategy is to work with our global partners to create the infrastruc- 
ture necessary to ensure the quality and continuity of long-term data sets, facilitate 
exchange between network operators, and produce and disseminate integrated ocean 
information that is of maximum benefit to those who need it. 
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The ocean is generally undersampled. Even in the equatorial Pacific, we know 
that we must add subsurface salinity measurement capability to the TAO array if 
we are going to improve predictability of ENSO events. We may need additional 
measurements of surface winds in the western equatorial Pacific if these winds are 
determined to be a critical factor in the initiation of El Nino. We recognize that the 
North Pacific, North Atlantic, equatorial Atlantic and Indian Ocean likely play key 
roles in short-term climate variability and without additional measurements in 
these regions, extending climate predictions to include regional- or local-scale pre- 
dictions may Ise impossible. 

Satellites provide the only true global coverage, but at present are limited to sens- 
ing of surface features and properties only. Application of remote sensing tech- 
nologies from satellites and aircraft are under development to observe the wind field 
over the ocean (scatterometers, lidars), and it is likely that such measurements will 
be key for improving ENSO predictability. These remote sensing technologies, cou- 
pled with networks of in situ measurements from buoys and ships, offer the best 
opportunity to correct ocean under sampling on a global scale. 

More efficient management of our Nation’s living marine resources would result 
from better information about the current status of the various biological compo- 
nents of the marine environment and of the relationships between them. In part, 
this information must be based on independent surveys using multiple techniques. 
Some of these techniques, like direct trawls for detailed sampling of a small portion 
of a habitat, are well developed. Others, like side-scan sonar and airborne lidar, are 
capable of covering much larger areas, but questions of data processing and instru- 
ment calibration remain to be answered. NOAA is working with various other coun- 
tries and states to answer these questions and develop more accurate surveys. 

OBSERVATION OE LIVING OCEAN RESOURCES 

A major challenge in providing the required fisheries stock assessment informa- 
tion needed to manage fisheries is that NOAA’s fleet of eight fisheries research ves- 
sels (ERVs) have reached or exceeded their expected service lives. On average, they 
are over 34 years old. For several years, options have been studied to replace the 
capabilities of these vessels. The options have been analyzed by an interdisciplinary 
team of scientists, acquisition specialists, design engineers and consultants from 
NOAA, other Federal agencies and the private sector. Admiral Craig Dorman re- 
cently reviewed NOAA’s plan and generally concluded that the ship design will pro- 
vide a world class fisheries research vessel, yet is not over specified. The report sup- 
ports construction of four dedicated ERVs. These ships, supplemented with char- 
tered vessels, represent a good start in maintaining the capabilities to meet our 
growing stewardship responsibilities. 

NOAA Fisheries has reviewed Admiral Dorman’s draft report dated 27 April, 
1998. The following responds to major elements of the report. 

Specification Validation 

It is gratifying that both the process which was used to develop ship requirements 
and the requirements themselves withstood the test of external review. They rep- 
resent the culmination of a multi-disciplinary collaboration of several government 
entities and private industry, which spanned nearly a decade. RADM Dorman stat- 
ed: 

“. . . the ERVs as defined by the requirements statement will be outstanding ves- 
sels that should serve NMFS and the nation extremely well as the core of a 
dedicated fisheries fleet for their full projected lifetime . . . they are not over 
specified.” (pp. 7-8). 

He also strongly supports purpose-built ships which agrees with the NOAA ap- 
proach for meeting its at-sea data requirements; constructing a core fleet of purpose- 
built, fisheries research vessels, and supplementing it with charters from the pri- 
vate sector and UNOLS. 

ICES Noise Standard 

Discussed at length was the requirement to meet the ICES noise standard, and 
ultimately, the report supported both designing the ship to meet the standard and 
including a centerboard to which acoustic instrumentation could be affixed. These 
measures will improve the efficiency of hydroacoustics, allow the fleet to accommo- 
date technological advancements, and will minimize survey bias due to behavioral 
responses to ship noise. 

Technology 

The report also advocates that NOAA and other sponsors develop a national plan 
for research dedicated to advancing the state of technology used in fisheries ocean- 
ography, and stock assessment, particularly with respect to marine mammals and 
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endangered species. NOAA agrees that a directed, collaborative effort of Federal, 
and state government, academic and private industry research bodies to focus on 
tools to better understand and manage the Nation’s living marine resources would 
push the pace of technological advancements. NOAA concurs that a commitment by 
NOAA, the Department of Commerce, and 0MB to request the resources from Con- 
gress to implement a national plan aimed at this goal is essential to its success. 
RADM Dorman, however, agrees that these technologies will not replace the need 
for dedicated fisheries research vessels, but will be an important tool to improve the 
quality of resource information and will help in areas where no other technique is 
more cost effective. These state-of-the-art research vessels give fisheries managers 
the highly specialized tools they need to make better decisions based on sound 
science. 

In Monterey, the President proposed an additional $194 million over three years 
to begin construction of these new research vessels and speed implementation of 
measures to reduce overfishing, protect essential fish habitat, and to restore Amer- 
ica’s fisheries. 

Mr. Chairman and Members of the Subcommittee, that concludes my testimony. 
I would be happy to answer any questions you may have. 


Statement of Dr. Rita Colwell, Director Designate, National Science 

Foundation 

Chairman Saxton and members of the Committee, I appreciate the opportunity 
to testify today on the important topic of ocean monitoring and assessment. This is 
my first hearing as Director of the National Science Foundation, and I look forward 
to many more opportunities to keep Congress apprised of the important research 
and educational activities that we support. 

I am pleased to report to you that the National Science Foundation plays a sub- 
stantial and critical role in the design and development of the Nation’s oceano- 
graphic monitoring and assessment capabilities. We can identify a number of areas 
within which significant progress has been made in recent years, and in the few 
minutes available I will summarize for you some important successes. 

The contribution that NSF-supported researchers make to ocean monitoring is 
fundamental. Effective and efficient oceanographic observation systems cannot be 
designed without knowledge of the active processes that they are intended to mon- 
itor. One exciting theme emerging from the past decade of ocean sciences research 
is the degree of complexity and variability of the oceans physical, chemical and 
biological processes, frequently on spatial scales of as little as half a mile. It is clear- 
ly impossible to monitor anything other than the surface of the global ocean (or even 
coastal waters) with such minute spatial resolution. Therefore, it is essential to un- 
derstand the underlying processes sufficiently well so a small number of key obser- 
vations can be identified that reliably tell us how the system changes overtime. 
Only with an understanding of the process can we make good decisions about what 
measurements will best characterize changes in the ocean, and, most importantly, 
how many measurements are required, and where they should be located. 

The NSF-funded Tropical Ocean Global Atmosphere (TOGA) program focused on 
the physical processes occurring in the tropical ocean and atmosphere. The result 
was a recognition of the forces underlying the El Nino phenomenon, which in turn 
led to the design and deployment of the existing El Nino-Southern Oscillation 
(ENSO) observing system. The classic example is the array of buoys maintained by 
NOAA in the equatorial Pacific. This array is proving to be a powerful predictor of 
El Nino events. A small number of buoys, only 70 in total, in conjunction with sat- 
ellite remote sensing methods is sufficient to monitor a vast area of the tropical Pa- 
cific Ocean. This capability was made possible by the basic research carried out by 
NSF-supported investigators cooperating with NOAA, NASA and international sci- 
entists in the early 1980’s on the Tropical Ocean Global Atmosphere (TOGA) pro- 
gram. 

In addition to complexity and variability characteristics of the oceans, important 
is designing a monitoring strategy to recognize the intimate links that exist between 
the chemical, physical and biological changes that we are witnessing. Today we 
know that it is impossible to understand the dramatic fluctuations in fish popu- 
lations on the Georges Bank, for example, without understanding subsurface cur- 
rent systems that control dispersal of fish larvae. We cannot understand the devel- 
opment and distribution of plankton in the ocean (a primary food source) without 
understanding the chemistry of the ocean. The “blooms” of plankton in the ocean 
depend on availability of nutrients, including micronutrients such as inorganic ele- 
ments and vitamins. 
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Clearly, monitoring the ocean must be a multidisciplinary activity because the of 
the interconnected physical, chemical and biological processes that control the 
health of the oceans. Support of those activities require inter-agency cooperation and 
partnerships. 

One helpful way of categorizing the measurements that need to be made to mon- 
itor the oceans is to consider the following three overlapping classes: 

• First, we need sustained time-series monitoring that provides data useful per- 
haps decades from now to detect subtle changes in the chemical, biological and 
physical characteristics of our oceans. These measurements provide the early- 
warning of changes in our earth system. 

•Second, we need selected long-term observations that allow us to predict 
changes in our oceans and weather systems and thereby alleviate negative im- 
pacts — unquestionably this year’s El Nino activity is a clear example of this. 
The real time experiments and the predictive capacity they provided gave us 
some extraordinary new insights on climate and health. 

• Lastly we need measurements, observations and experiments to help us under- 
stand the dynamic processes — physical, chemical and biological — that are re- 
sponsible for the changes, that are the root cause of all the changes that occur — 
the understanding of which is essential to any capability for skilled prediction. 
It is the interactions of these processes that provide the elegant complexity that 
sustains both human and environmental health. 

There is an intriguing shift that is slowly occurring in the emphasis of oceano- 
graphic research. Two decades ago the most exciting and unexpected discoveries oc- 
curred because researchers traveled to new locations in the oceans — this is the tra- 
ditional mode of “exploring.” However, today many of the biggest surprises are com- 
ing from measurements made at the same location but over long periods of time. 
It is the dynamics of the earth that is opening up many of the most intriguing se- 
crets. Today oceanographers are becoming more explorers in time, as well as ex- 
plorers in space, an important phenomenon of the science in this area of study. 

It is in the process-oriented category of monitoring and observation that NSF 
is vitally active, and I am pleased to report that we are involved in a remarkably 
diverse and exciting set of projects. I have sufficient time here to describe only a 
few representative examples. 

•The ocean moderates how rapidly the carbon dioxide content of the atmos- 
phere is increasing. We are just finishing the fourth regional experiment of the 
Joint Global Ocean Flux Study (JGOFS) to trace the ganic and inorganic path- 
ways of carbon through the ocean. The goal is to learn how carbon dioxide cy- 
cles through the Earth system. The Southern Ocean experiment followed those 
in the North Atlantic, the Equatorial Pacific and Arabian Sea. The processes 
of these unique regions will be combined into a global model that will allow us 
to better predict, for example, future climate change. 

• This past winter, a team of researchers has lived on an icebreaker that is fro- 
zen into the pack ice in the Arctic Ocean, drifting with the ice floes as a floating 
science station. The project is part of a set of activities, taking place under the 
U.S. Global Change Research program, known as SHEBA (Surface Heat Budget 
of the Arctic Ocean), which pulls together data and information on how the sun, 
clouds, air, ice, and ocean interact and affect the annual melting and refreezing 
of the Arctic ice cap. This has long been a major uncertainty in climate models, 
and the SHEBA project has already helped to improve our understanding of cli- 
mate change. 

• Although the unique biological communities associated with ocean floor hydro- 
thermal sites have been known for more than two decades, new organisms are 
still being discovered and the evolution-with-time of these sites is being ex- 
plored — they are severely affected by volcanic eruptions on the ocean floor but 
re-establish themselves with remarkable rapidity. NSF-funded repeat visits by 
both manned submersibles and remotely operated vehicles to ocean depths of 
12,000 feet and more are providing these remarkable observations. 

• We recognize the need for long term continuous observations on the ocean floor 
(not just repeat visits once every few months), and it is indeed a challenge to 
devise approaches to this that are reliable, flexible and affordable. We are heav- 
ily involved in three particularly exciting pilot projects: two that use fiber optic 
cables (a volcano observatory off the island of Hawaii, and a coastal monitoring 
site off New Jersey) and a third located in mid-Pacific between Hawaii and Cali- 
fornia that will use an abandoned ocean floor telephone cable thousands of 
miles long to provide real-time access to an earthquake monitoring station and 
other sensors. 
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This scientific research can help us learn how to monitor changes on the ocean 
floor, and satellite remote sensing is a uniquely powerful approach to global obser- 
vations of the sea surface. But how can we keep track of what is going on in the 
miles of ocean that exists in between? This is a realm in which we have seen some 
of the most remarkable innovation over the past five years fueled primarily by the 
needs of the World Ocean Circulation Experiment (WOCE). 

As I present this to you this morning there are approximately 500 robotic vehicles 
distributed over the thousands of square miles of the north Atlantic oceans, drifting 
along with the ocean currents over half a mile beneath the surface. Approximately 
every two weeks each of these small instruments rises to the surface collecting data 
(temperature and salinity) as it moves to the sea surface, and then via satellite, 
telemeters these data as well as its position to investigators on shore. After being 
on the surface for about a day, they sink back down to their profiling depth of about 
half a mile and then repeat the cycle month after month after month. These robot 
floats, called PALACE (Profiling Autonomous Lagrangian Circulation Explorer) 
floats, are for the first time providing physical oceanographers with a real time syn- 
optic view of ocean dynamics. 

Technological innovation is changing the way we do oceanography — permanent 
seafloor observatories, new optical and acoustic imaging methods, long-term moor- 
ings, deep-diving manned submersibles, satellite communications, robotic vehicles — 
all are mechanisms for discovery that NSF supports as part of the revolution in the 
way we observe our planet’s oceans. 

We are in a time of rich opportunity for research in oceanography. As new obser- 
vation systems are implemented we will learn ever more about the changes that are 
occurring on our planet on time scales of days, years decades and centuries. Hurri- 
canes, droughts, floods, destruction of coral reefs, coastal erosion, climate change, 
El Ninos, fisheries, human health — all are phenomena that are affected by, and in 
some cases, controlled by the oceans. 

U.S. investigators in our nation’s universities and oceanographic institutions are 
the world leaders. We do not lack for talent, or ideas or plans. If NSF can provide 
its community of researchers with adequate resources, as requested by the Presi- 
dent in his 1999 budget, then a spectacular future of continuing new discovery and 
understanding is assured, that will build the intellectual foundation, and provide 
the knowledge of the ongoing processes, that is essential to the design of an effective 
ocean monitoring system. 

Thank you again, Mr. Chairman, for the opportunity to share with you and the 
members of your Committee the exciting research being supported by NSF. I would 
be pleased to respond to any questions that you might have. 


Statement of Rear Admiral Paul G. Gaffney. II, U.S. Navy 

Mr. Chairman, distinguished members of the Subcommittee, thank you for this 
opportunity to appear before you to discuss ocean exploration, monitoring and as- 
sessment. 

This year — the International Year of the Ocean — has heightened public interest 
in our planet’s most important features — the oceans. It has also elevated ocean 
science, research and education much higher on the national agenda, as was dem- 
onstrated by the prestigious participation at the National Ocean Conference held 
last month at the Naval Postgraduate School in Monterey, California. Enormous 
momentum was created by the Administration, Congress, academia and industry at 
that meeting; perhaps we can use the remainder of this year to raise and meet na- 
tional oceanographic goals that have been neglected of late. 

The Department of the Navy has long considered the study and exploration of the 
oceans to be a required competency — we must do it. We do it, not because we love 
it, or because it’s interesting, or because we are chartered to do it — we do it because 
it is the foundation that provides the information required for every Naval oper- 
ation. In fact, the root discriminator that separates Naval Forces from Army and 
Air Forces is the maritime environment in which the Navy and Marine Corps must 
work. That point is punctuated when you consider we are a Naval Force which is 
continually and agilely deployed globally; and, that is why the Navy must take a 
leading role in national oceanographic matters. (Admiral Boorda and I testified be- 
fore this Committee and others in 1996 on this point.) 

Over the last 50 years, we have invested billions of dollars in research, global 
ocean survey, data archives and predictive capabilities. Take for example these 
ocean monitoring tools and platforms that came out of our naval science and tech- 
nology investment: 

— SWATH Bathymetric Sonar 
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— Laser Line Scan Optical Sensor 
— Global Positioning Satellite (location) 

— PALACE Float (profiling capability) 

— Current meters (conventional and acoustic doppler) 

— Bioluminescence sensors, and 
— Moorings . . . just to name a few. 

We made the investment in these capabilities because we must be experts about 
our working environment. We must know ocean processes so we can understand 
how energy is transferred throughout the marine environment — a Naval need with 
an incredible civilian spin-off. 

Despite our past efforts, and those of others, it is surprising to learn that only 
about five to seven percent of the ocean floor has heen mapped to anywhere near 
the resolution that 100 percent of the moon has been mapped. 

Why is that? Somehow it seems unlikely that it’s more important or less expen- 
sive to map the moon. I, too, get excited about space exploration, but I get really 
excited about exploring and understanding our oceans for many of the same reasons. 
Future capabilities that will help us in our ocean quest include affordable arrays 
of drifting buoys that can profile the water column and report home their observa- 
tions. These exist in quantities of hundreds measuring some variables; we need 
thousands measuring all important variables. Coastal systems that can profile the 
water column while moored to the bottom are also needed. 

As a science and technology funding agency — the first in America — the Office of 
Naval Research develops many new technologies for ocean exploration and under- 
standing. The major tools used today are based on a legacy of shipboard sampling, 
but the future belongs to autonomous systems that complement the shipboard sur- 
vey we will continue to need for decades. These new systems can be either moored, 
or drifting, or independently moving small, unmanned systems. ONR is currently 
working on networks of inexpensive autonomous underwater vehicles. Also on the 
horizon are new remote sensing instruments such as the Naval EarthMap Observer 
satellite, or NEMO, which will provide hyperspectral images when it is launched in 
2002. It is a DOD/Navy/Industry partnership. 

NEMO, like so many other programs, reiterates the fact that no one group or 
agency can support all of the costs for oceanographic research, ship operations, sur- 
vejdng and modeling that need to be done on a global scale. The Department of the 
Navy depends on partnerships with other Federal agencies — NSF, NOAA, NASA, 
DOE, DOI — as well as academia and industry to develop new capabilities and lever- 
age our decreasing budget dollars. 

Another key opportunity for partnering is offered through the National Oceano- 
graphic Partnership Program (NOPP). Now in its third year, this program was initi- 
ated, and is fully supported by Confess. The Secretary of the Navy provided De- 
partment money and took the lead in getting the program started. Other agencies 
are now joining in with funding and strong participation. It is a terrific partnership 
with real give-and-take, great understanding, new leveraging, and program focus. 
Because the several agencies that are working together can actually create critical 
mass to address the neglected ocean, the NOPP is the right body to address a na- 
tional ocean exploration, observation, and assessment agenda. 

I believe that the Nation should discuss the need for 100 percent survey and un- 
derstanding of the world’s oceans during the next millennium. This, of course, can 
only be accomplished if all cognizant agencies cooperate and participate. For exam- 
ple, we might consider starting such a survey, and beginning the millennium, with 
a single exploration and mapping effort — 1()() percent coverage of one important 
area. According to NOAA, thirty-six U.S. states and territories nave a total of more 
than 95,000 miles of coastline, so there are many suitable places to begin a major 
effort. As I will discuss later, the NOPP presents a forum for discussion of a suitable 
and plausible project. We owe it to ourselves and our descendants to know at least 
as much about our oceans as we know about the moon ... or other planets. 

I’ve been calling this notion “GISMOE” for the Great Intra-American Seas Millen- 
nium Ocean Expedition ... it could also be called “GABE” — Great American Bays/ 
Bights Expedition. Perhaps I should leave the acronyms to others, but what is im- 
portant is that we start the process, and there are two reasons I think this is worth- 
while: 

1. The crosscutting theme of the recently released Ocean Studies Board report 
“Opportunities in Ocean Sciences: Challenges on the Horizon,” is that we need 
to observe our the water planet. The report concludes that ocean sciences are 
at a critical point — a point where, given a commitment, “substantial progress 
can be made on a number of societally important issues.” Such an effort needs 
to be a national imperative and involve the resources of many Federal and 
State agencies. So starting to understand the global ocean at one coastline 
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makes sense, certainly for the civil agencies, but also because a global Navy 
needs to understand the very complex littoral environment processes. Under- 
standing those processes in our own “Exclusive Economic Zone” and littorals is 
more affordable and can serve as a surrogate for similar littoral areas in remote 
parts of the world where we may not have access. 

2. There is a great unity in the ocean community for continued and comprehen- 
sive observation for a myriad of reasons. I agree with that; a proper start is 
to determine a full and complete baseline. A survey of a body or basin of water, 
its water column, bathymetry and bottom composition is “Step One.” Then con- 
tinual monitoring of that area over time long time is next. That’s what we do 
with weather today and what we should be doing with the oceans. 

These are some thoughts from a Navy oceanographer and Chief of Naval Re- 
search. I recognize they are hollow unless embraced by ‘TOO percent partners” — full 
participation of all cognizant agencies. In that regard, this issue of global ocean 
monitoring, and where and how to start is appropriate for discussion within the 
NOPP’s Leadership Council and Advisory Panel. I intend to propose such dialogue 
be initiated so that we join the next millennium with an acceptable plan. We are 
doing our part by funding many projects to understand ocean dynamics, including 
investigating new approaches to mapping and understanding ocean bottoms and lit- 
toral areas. 

It will take decades to understand the submerged planet as well as we understand 
the moon, but we need to begin somewhere. Your support for our requested program 
is important. 

Thank you for the opportunity to be here today. I would be happy to respond to 
any questions you might have. 


Statement of Charles F. Kennel, Director, Scripps Institution of 
Oceanography, University of California, San Diego 

Mr. Chairman and Members of the Committee, thank you for inviting me to tes- 
tify today on the status of ocean monitoring and assessment. I am Dr. Charlie Ken- 
nel, Director of U.C. San Diego’s Scripps Institution of Oceanography (SIO). 

Overview Of Scripps Institution Of Oceanography 

From our campus overlooking the Pacific Ocean, Scripps Institution of Oceanog- 
raphy (SIO) continues a 95-year tradition of scientific leadership. SIO is one of the 
world’s oldest, largest, and most important centers for marine science research, 
graduate training and public service. Part of the University of California at San 
Diego, SIO’s preeminence in biological, physical, chemical, climatological, geological, 
and geophysical studies reflects its continuing commitment to excellence in research, 
modern facilities, distinguished faculty, outstanding students, and public service. 
Acknowledging our rich tradition, the National Research Council recently ranked 
SIO first in faculty quality among oceanography programs nationwide. 

With annual expenditures of more than $100 million and a staff of 1,200 sci- 
entists, technicians and support personnel, including nearly 200 graduate students, 
SIO is involved in more than 300 major research programs. 

SIO also maintains one of the largest and most capable fleets of academic re- 
search vessels in the country with 4 sea-going vessels and one research platform. 
SIO has operated large and small world-ranging ocean science research ships con- 
tinuously since 1908. Ships were among the first technologies used by scientists to 
make ocean observations. In a 1963 proposal to the Rockefeller Foundation, a 
Scripps scientist stated: “The long arm of the oceanographer is his ships and his 
groping fingers, the cable. Without ships to test and to explore, the hypotheses and 
laboratory discoveries of the marine researcher become dry and insubstantial and 
the researcher blind and isolated.” 

Scientists depend on ships to make many critical ocean observations (see Appen- 
dix 1). New technology has expanded the spatial and temporal sampling capability 
of ships. Devices sucb as drifting and moored buoys, sea floor observatories, sub- 
surface profiling floats, satellites, acoustic instruments, remotely operated vehicles 
and autonomous underwater vehicles, enable scientists to make continuous observa- 
tions of time dependent, large-scale phenomena (e.g. El Ninos), abrupt events (e.g. 
earthquakes, tsunamis), and provide the essential, complementary ingredients of an 
effective global observing strategy. 

At Scripps, we believe an integrated approach to observations — which includes cli- 
mate, weather, global change, natural hazards, and solid earth phenomena such as 
undersea volcanoes and earthquakes — is fundamental to sound science. This ap- 
proach enhances the productivity of our research infrastructure while generating co- 
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herent data sets required in interdisciplinary ocean studies. Although continuing 
technology development is critical, we already have at our disposal the basic ele- 
ments of an integrated global observing strategy. 

The Value of Integrated Observations 

Predicting changes in the ocean is critical for the accurate forecast of the global 
climate on time scales of months to years. Variations in the ocean structure and cir- 
culation patterns dramatically affect heat and moisture input to the atmosphere. 
The oceans also play a key role in regulating greenhouse gases in the atmosphere. 
Ocean observations are required to capture events, initialize numerical models for 
climate and weather prediction, calibrate remote sensing observations of the ocean, 
and provide real-time data for marine commerce, ecosystem monitoring, and fish- 
eries. In short, any global climate prediction system depends on an integrated global 
observing strategy for the ocean. 

An integrated observing strategy is important to how we monitor and manage 
local as well as global climate events. The devastation caused by this year’s El Nino 
demonstrates the significant social and economic value of new capabilities to fore- 
cast climate conditions up to a year in advance. Economic studies suggest that en- 
hanced climate prediction capabilities, if used appropriately, could reduce extreme 
seasonal climate damage costs in the U.S. by 25 percent or $2.7 billion annually in 
the agricultural sector alone. Water, energy, and transportation managers, as well 
as farmers, could plan and avoid or mitigate losses with more accurate and timely 
predictions. The agricultural futures market would also become more efficient. 

In an effort to reach out to vulnerable communities, Scripps, the California De- 
partment of Boating and Waterways, and the California Coastal Commission hosted 
a workshop in La Jolla August 19, 1997, to describe and discuss possible coastal im- 
pacts of severe storms associated with El Nino. As a follow up to that meeting, 
Scripps researchers worked closely with potentially affected cities throughout the re- 
gion. We encouraged them to prepare risk assessments and a list of possible mitiga- 
tion measures. That information provided decisionmakers with science based, cost/ 
benefit analyses to determine the appropriate level of mitigation. In this way, an 
integrated observing strategy, informed by public and private sector needs, trans- 
formed scientific data into knowledge that saved lives and property. 

The media coverage of the 1997-98 El Nino led to a public understanding that 
events in the middle of the tropical Pacific ocean have a profound impact on day- 
to-day lives. Scientist have long appreciated the need to understand and observe the 
ocean, now the public does as well. We believe that this public understanding can 
be transformed into support for the implementation of a global ocean observing 
strategy. 

Elements of a Strategy 

Prediction of the 1997-98 El Nino was made possible by the El Nino Southern Os- 
cillation (ENSO) observing system, the Topex-Poseidon satellite radar altimeter, and 
improvements in coupled ocean-atmospheric models. The remarkable performance of 
these research tools offers a glimpse of what a more comprehensive, integrated ob- 
serving system and continued improvements in coupled ocean-atmospheric models 
will provide. These advances will improve prediction of short-term climate events, 
such as El Ninos and La Ninas (the opposite phase of the El Nino oscillation), eluci- 
date the impacts of such events on regional weather and ocean biology, and are nec- 
essary before we can deepen understanding of long-term climate events like Pacific 
Decadal Oscillation, North Atlantic Oscillation, and Tropical Atlantic Variability. 
Only by understanding these natural events will scientists be able to distinguish 
“global warming” from natural climate variability. 

Responding to policymakers’ needs for definitive assessment of global warming 
and the range of its possible regional impacts requires a global observing strategy. 

I believe such a strategy must contain at least five elements. First and foremost, 
it requires integrating “in situ” with space-based systems. No one technology is ade- 
quate to provide the answers needed, as each technology has its benefits and draw- 
backs (see Appendix 2). Space observation provides global coverage. “In situ” obser- 
vations provide “sea truth” by making measurements in the water, of the water, and 
under the water. The key to implementing a successful observational strategies lies 
in adopting a problem-driven approach where the system is designed to meet meas- 
urement needs specific to given problems. Both the data needs for numerical models 
and a clear definition of new scientific questions will determine the appropriate 
array of observational technologies to be used. 

The second component of the strategy involves improving climate models, data as- 
similation techniques, and computing power. The combination of these tools will en- 
able us to reconcile disparate observations and fill gaps where data are not avail- 
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able. In addition, these models make possible predictions ranging from global scale 
to highly localized phenomena. Scripps scientists are currently developing a system 
of “nested” models that will transform predictions of seasonal climate events into 
rainfall predictions for individual California watersheds. This climate initiative 
huilds on established practices of weather services which assimilate vast arrays of 
disparate data into complex models for forecasting. 

Third, despite the array of technologies currently available, new instruments are 
needed. Therefore, a technology development program that is science-based, through 
the active engagement of the university community (see Appendix 3), must be for- 
mally integrated into Federal agency research programs. Technology development 
should focus on increasing capabilities and lowering costs strategically to enable the 
deployment of a global system. One advance of particular value would be the devel- 
opment of an underwater Global Positioning System (GPS). Underwater GPS would 
be a tremendous advance for underwater gliders and other observational tech- 
nologies, and enable profiling floats to begin to measure ocean velocity. Another 
area of focus should be on the many chemical and biological properties of the ocean 
which cannot yet be measured by any remote or unmanned technology with the nec- 
essary precision or on the same scales as can physical and geophysical properties. 

The fourth component of this strategy ensures the continuity of physical, chemical 
and biological measurements. By this I mean supporting long-term time series ob- 
servations and data validation. These measures are especially important when sci- 
entists make predictions about long-term phenomena like Pacific Decadal Oscilla- 
tion and global warming. As we deploy “better, faster, and cheaper” observational 
tools, such as new satellites and ocean observatories, we must take care to maintain 
established records and data in standard formats and on modern media, and imple- 
ment a program to calibrate and validate new data sets. Furthermore, even areas 
where technology development is still necessary, climatically important measure- 
ments of chemical and biological properties by conventional means must be sus- 
tained until they can be enhanced. For example, efforts to study changes in ocean 
chemistry and biology must continue, especially as they bear on the prediction of 
the effects of atmospheric carbon dioxide on climate change, questions of profound 
importance to predicting global warming. 

The fifth element of a global observing strategy involves cooperation and coordina- 
tion of research activities. Federal agencies must work to integrate existing pro- 
grams, leverage scarce resources, and promote new initiatives. I am pleased to see 
the Navy, NOAA and NSF here today. Coordination and commitment of these agen- 
cies, along with NASA and DOE, is critical to the success of this strategy. 

Increased cooperation and collaboration is also required among universities. Fed- 
eral agencies, other countries and the private sector. As we move from exploratory 
research to routine monitoring for many global-scale problems, we will enter into 
new partnerships, and use non-traditional institutional arrangements. Scripps is at 
the forefront of creating such partnerships across institutional and national bound- 
aries. In 1999, SIO will lead an international experiment in the Indian ocean 
(INDOEX) to study the impact of aerosols on regional and global climate, a major 
global change issue. INDOEX, involves ships, aircraft, surface stations and sat- 
ellites, from several nations, including U.S.A., Germany, France, England, India, 
Netherlands and others. 

International cooperation is also moving forward on a broader scale. International 
space agencies, through the Committee on Earth Observation Satellites (CEOS), are 
working with other partners to develop an Integrated Global Observing Strategy 
(IGOS). IGOS is a process to help ensure that resources are addressing the highest 
priority observational needs, while taking into account the missions and plans of 
space agencies, and the up-to-date requirements of major international user pro- 
grams. This involves assessing gaps and unnecessary overlaps in observing systems, 
as well as cross-cutting issues such as data calibration, validation, management, 
and policy. Initial IGOS focus has been on the space component. Now is the time 
to provide the “in situ” strategy to complement the progress made by CEOS. 

Specific Recommendations 

Given our present observational capabilities and the demonstrated value of ocean 
observations in seasonal climate prediction, fisheries, commerce, coastal and mili- 
tary applications, it is imperative that we advance an integrated global observa- 
tional strategy. This is the only way to provide the data needed by scientists to 
make believable and useful predictions about natural and anthropogenic climate 
change. 

Having described the key components of the envisioned observing strategy we 
must now take the necessary steps to implement it. First, research institutions and 
Federal agencies must begin the analysis necessary to determine the best combina- 
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tion of “in situ” observing platforms. Satellite integration has begun under the aus- 
pices of CEOS. We must support a similar effort for “in situ” sensors. Federal agen- 
cies should then support the technology development and research needed to opti- 
mize the integration strategy. 

Second, it is critical to support NOAA’s efforts in climate monitoring, particularly 
the President’s initiative for a $12 million, global array of subsurface profiling 
floats. The array will complement the contributions of climate-related satellites. An- 
other technology which has already demonstrated its value in conjunction with sat- 
ellite altimetry data is Ocean Acoustic Tomography (see end of Appendix 2). Ocean 
Acoustic Tomography measures temperature averages over thousands of miles, thus 
permitting the detection of small climatic changes. Deplo 3 dng both types of tech- 
nology and supporting research on improving the use of integrated data will accel- 
erate efforts to improve seasonaTto-interannual and climate prediction, detect global 
warming, and attribute these changes to natural and/or anthropogenic causes. 

NASA’s GODAE (Global Ocean Data Assimilation Experiment) initiative, a pilot 
project of the CEOS/IGOS process, should be supported. GODAE will be the first 
operational demonstration of our ability to estimate the physical state of the global 
ocean and its evolution. With many potential benefits, including improved climate 
prediction and understanding, GODAE will turn powerful data assimilation tech- 
niques to merging data streams from satellites and “in situ” sensors. 

Finally, I encourage Federal agencies to develop modeling and data analysis pro- 
grams that provide up-to-date descriptions of the evolving ocean. This effort should 
encompass physical fields that affect weather and climate, as well as chemical and 
biological processes. The National Science Foundation and the Department of En- 
ergy are considering important initiatives in this area. NSF is considering an ocean 
data assimilation and modeling center to support climate dynamics and other 
branches of ocean sciences such as biological modeling and assessment and pollution 
prediction. DOE is contemplating anew to increase dramatically the rate of climate 
simulation model development and application to produce decade-to-century-scale 
forecasts of climate change with regional resolution. 

Again, I thank you for this opportunity to testify and would be happy to answer 
any questions. 

Appendix 1 — Ships 

Scientific observation of the ocean has always required the use of dedicated, effec- 
tive research vessels. Today, research ships are an even more critical component of 
ocean observations than has been the case in the past for a number of reasons. 
First, there is simply no way that many important observations can be made in un- 
attended or remote fashion. Ships can manage observations of deep ocean chemical 
properties needed to diagnose the ocean’s role in the global carbon cycle and to track 
them in various locations, tasks unattended devices cannot perform. Arguably the 
most important observing network in today’s ocean, in terms of practical impact on 
forecasts of real economic and social importance, is the tropical Pacific buoy array 
(ENSO) maintained by NOAA. Its reliability depends on regular network mainte- 
nance using ships. Ships will be needed in increasing numbers and capabilities to 
establish, maintain and support the integrated global observational strategy. 

Second, as new technologies emerge, they generally must be calibrated with exist- 
ing methods to preserve the integrity of the data. Calibration or “sea truth” must 
be both extensive and ongoing, and it typically involves the use of ships. Finally, 
global-scale measurements are increasingly amenable to remote or unattended ob- 
servation. This refines our large-scale views of oceanic variability and focuses inves- 
tigations into the fundamental oceanic processes that shape large-scale fields and 
their evolutions. One can see the beginnings of this in programs that have carried 
out shipborne investigations of upwelling regions guided by near-real time satellite 
imagery to disclose patterns of upwelling activity. As the mapping and monitoring 
power of unattended sensors grows, so will opportunities for shipborne process stud- 
ies which will allow monitoring at all the scales needed to understand oceanographic 
phenomena. 

Appendix 2 — Ocean Observing Technologies 

No one technology is adequate to provide the answers needed to understand and 
predict natural and anthropogenic climate change. Each technology has its benefits 
and drawbacks. For example, the forte of satellite data is the regularly repeating, 
synoptic nature of the data. Its limitation is that satellites observe only the sea sur- 
face, hence requiring subsurface data for interpretation and understanding. Prin- 
cipal satellites of interest in climate are altimeters (e.g. Jason-1, TOPEX-Poseidon, 
Geosat Follow-On) for measuring sea surface height; scatterometers (e.g. NSCAT, 
ERS-2) for measuring surface winds; and AVHRR (Advanced Very High Resolution 
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Radiometer) for measuring sea surface temperature and microwave rainfall meas- 
urements. Scripps is now experimenting with the measurement of tropospheric 
moisture at sea using the Global Positioning System (GPS). 

“In situ” data are required to interpret subsurface structure corresponding to sat- 
ellite surface observations. For example, measurements of upper ocean heat content 
are crucial in interpreting altimetric height. In situ measurements are also needed 
to measure the deep ocean, calibrate satellite data, and measure parameters for 
which there is no satellite capability. As an indication of the number of tools which 
already are available, a brief list of “in situ sensors” is as follows: 

• surface drifters which measure surface current, sea surface temperature (SST), 
barometric pressure and surface salinity; 

• profiling floats which measure temperature and salinity profiles, presently to 
about 15; 

• moorings or fixed platforms which deploy a wide variety of instruments to 
measure temperature, salinity, velocity, and meteorological parameters; 

• volunteer observing ships which measure temperature, salinity to 800 meters, 
meteorological parameters, and atmospheric trace gases; 

•acoustic thermometry which measures sound speed, providing temperature 
averages along paths between source-receiver pairs; and 

•research vessels, which are required to deploy and monitor some of the above 
systems, conduct hydrographic surveys (that include biological and/or geo- 
chemical measurements in addition to temperature, salinity, velocity), and meet 
specialized needs autonomous instruments cannot. 

Integration of “in situ” and satellite data has begun to show great promise. A joint 
analysis of Satellite Altimetry, Acoustic Tomography and computer modeling found 
that changes in sea level as measured by satellite altimetry are not by themselves 
a representative proxy for the variable ocean heat storage (an essential climate pa- 
rameter). But when combined with the acoustic measurements they yield a mean- 
ingful measure of the basin heat storage. 

Appendix 3 — History of Ocean Climate Observations and Technology Devel- 
opment at Scripps Institution of Oceanography 

Throughout the 20th century, university researchers have advanced the design 
and testing of new instruments and observing technologies. Scripps has played a 
leadership role in pilot experiments for new in situ observing technologies (ocean 
profiles and surface observations from volunteer commercial ships, profiling floats, 
acoustic thermometry, and surface drifting buoys) that make large-scale observa- 
tions economically feasible for some climatically important ocean properties. 

Scripps scientists were responsible for the following breakthroughs in ocean cli- 
mate monitoring and technology development: 

•establishing the California Current monitoring system in 1937 — the longest, 
continuing ocean monitoring program in the U.S.; 

• inventing and establishing the Volunteer Observing Ship Expendable Bathy 
Thermograph (VOS-XBT), or temperature probes network, in the early 1970s; 

• inventing and deploying the global drifting buoy network in late 1980s; 

• inventing and deploying the network of real-time, profiling floats in north At- 
lantic and tropical Pacific; 

•developing the most accurate techniques for measuring the amount of carbon 
in seawater; 

• and inventing the acoustic thermometer. 

Clearly, continuing support for university collaboration with the private sector 
technology development is important to sustaining innovation in the global observa- 
tional strategy. 

Charles F. Kennel, Director of Scripps Institution of Oceanography, Vice 

Chancellor of Marine Sciences, UCSD, Dean of the Graduate School of 

Marine Sciences 

Charles F. Kennel is the ninth director of Scripps Institution of Oceanography at 
the University of California, San Diego (UCSD). Kennel also serves as UCSD Vice 
Chancellor of Marine Sciences, Dean of the Graduate School of Marine Sciences, and 
a professor in the Scripps graduate department. 

Born in Cambridge, Mass., Kennel received a bachelor’s degree in astronomy from 
Harvard College in 1959 and a doctoral degree in astrophysical sciences from 
Princeton University in 1964. He was appointed an associate professor of physics 
at UCLA in 1967 and a professor in 1971. Kennel became UCLA’s executive vice 
chancellor in 1996. 
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Kennel’s research at UCLA focused on fundamental plasma physics combined 
with space and astrophysics. His work centered on basic plasma turbulence theory 
and collisionless shocks, the physics of the solar wind and planetary 
magnetospheres, and the physics of pulsar magnetospheres and active galactic 
nuclei. 

From 1994-1996, Kennel served as associate administrator for NASA, directing 
Mission to Planet Earth, the world’s largest environmental science program. 

Kennel was elected to the National Academy of Sciences in 1991 and was named 
a Fellow of the American Association for the Advancement of Science in 1992. He 
also is a Fellow of the American Geophysical Union and the American Physical Soci- 
ety. He won the NASA Distinguished Service Medal and the Aurelio Peccei Prize 
from the Italian Academy of Sciences in 1996. He received the 1997 James Clerk 
Maxwell Prize from the American Physical Society and the 1998 Hannes Alfven 
Medal of the European Geophysical Society. 

Kennel has been a Harvard National Scholar, a Woodrow Wilson Fellow, a Na- 
tional Science Foundation Postdoctoral Fellow, a Guggenheim Foundation Fellow, a 
Fulbright Senior Lecturer in Brazil, a Fairchild Professor at the California Institute 
of Technology, and an Alfred P. Sloan Foundation Fellow. 
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Statement of Admiral James D. Watkins, U.S. Navy (Retired), President, 
Consortium for Oceanographic Research and Education 

Mr. Chairman, members of the Subcommittee, I would like to thank you for call- 
ing this hearing today to discuss this very important subject. The previous witnesses 
have described to you several outstanding examples of the kinds of capabilities we 
have, or will soon have, and some of our priorities to better understand, monitor 
and predict the greatest natural force on Earth. What I would like to do is provide 
a conceptual road map for how we might transition from the ideas of our research- 
ers, working with decision makers in the Congress and the Administration, to an 
actual system which integrates our national needs and priorities. 

The breadth of our national need for knowledge of the ocean system is daunting. 
Research providing the foundation for missions to advance economic development, 
protect quality of life, ensure national security and improve science education is a 
complex weave of multiple disciplines and specialized technologies, addressing ques- 
tions from the most basic mechanics of the Earth system to very applied engineering 
solutions. Federal responsibility for the wide scope of ocean science is split among 
nine Federal research agencies, each with specific mission parameters, but often 
working in unison to address common research requirements. 

We have come to an important juncture in the development of ocean science. More 
than ever, our progress is limited by the lack of important ocean observations. As 
the Ocean Science Board of the National Research Council has clearly stated in 
their new report “Opportunities in Ocean Sciences: Challenges on the Horizon,” 
questions of marine resource management, climate prediction and the role of the 
oceans in human health require extensive and long-term observation of the oceans 
on global, regional and local scales. Mr. Chairman, I would like to submit a copy 
of that report for the record. 

For example, if we are to monitor and respond to harmful algal blooms, we must 
be able to “see” their early indications in individual estuaries and near shore envi- 
ronments. If we are to understand the dynamics of commercial fish species, we will 
require in-depth knowledge of the regional ecosystem and how it is affected by phys- 
ical and chemical variability. If we are to provide better regional climate forecasts, 
we must first obtain and integrate oceanic data on a basin and global scale. The 
applications are many, and the potential payoffs are tremendous. 

So, what is needed to meet our objectives? 

You have heard from previous witnesses that there has been a lot of thought 
given to this question and that we have a lot of answers. The merits of a variety 
of independent observing system proposals are well understood and accepted. What 
we do not currently have is a definitive strategic plan to chart our course to an inte- 
grated ocean observing system. We need to couple an analysis of the mission respon- 
sibilities of the various Federal agencies with our current and planned observational 
capabilities to determine the best opportunities for success. From this analysis, we 
can build a plan detailing exact requirements for a comprehensive ocean observation 
system. The system would then include integrated modules to gather data and ad- 
dress questions on a variety of time and space scales, assimilating and fusing infor- 
mation from these various sources, much like the well established practices of the 
defense intelligence community. Analysis and interpretation would then provide the 
products we will rely upon for better decision-making. 

We have undertaken a similar task in the past, which is worth commenting on. 
After World War II, anti-suhmarine warfare was determined to be a national pri- 
ority. The oceanographic community, including Federal agencies, academia and in- 
dustry, was tasked with developing a system to detect and track Soviet submarines, 
utilizing significant developments in acoustics research and related technologies. 
What resulted was the development of the Integrated Underwater Surveillance Sys- 
tem (lUSS), the fixed portion of which was called SOSUS, the giant series of listen- 
ing arrays in the Atlantic and Pacific. Observations from these fixed and mobile ar- 
rays were highly integrated or fused with multi-source observational and intel- 
ligence data from satellites, ships, aircraft, humans, and other sensors over a wide 
geographic area. This highly capable and integrated system eventually contributed 
significantly to our winning the Cold War. Notable is (1) the definition of national 
need, with a full understanding of the costs and benefits, (2) the commitment to de- 
velopment of a system, not just a collection of parts, and (3) the contribution of all 
sectors, each bringing their own strengths to meeting a complex challenge. The re- 
sultant sixteen billion dollar investment was clearly justified. In the interest of dem- 
onstrating the effectiveness of our national will, I should also note that the SOSUS 
arrays went from the blackboard in 1949 to full scale operation in 1952 . . . only 
three years! 
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I believe we are poised to undertake a similarly important, if not more complex, 
task today, but we need your assistance. We need the Congress to demand a stra- 
tegic plan for a comprehensive ocean observing system. The Congress should request 
that the National Ocean Research Leadership Council, consisting of the leaders of 
each of the nine Federal ocean research agencies, develop such a plan, defining com- 
ponents, priorities and resource requirements. This plan should show how an inte- 
grated system would optimize the Federal effort to meet specific objectives on a spe- 
cific timeline, making clear the products and benefits expected. The plan should also 
address the involvement of other maritime nations, where we have mutual objec- 
tives and can share equitably in the investment. And this plan should build upon 
the volumes of well thought-out agendas developed by the individual agencies. Na- 
tional Academy of Sciences and nations in years past. Mr. Chairman, this will cer- 
tainly require coordination of the Congress and Administration to make the proper 
resources available. 

From such a plan, we can finally begin to realize the many benefits of ocean 
science that we just talked about today. On the horizon, we can envision greatly en- 
hanced coastal weather forecasting and longer term climate forecasting, more effi- 
cient shipping, and more informed decision-making for difficult environmental and 
resource management questions, just to name a few benefits. 

The timing for such an initiative will never be better. Because of the recent El 
Nino event and the oncoming La Nina, the U.S. public sees daily the value of our 
current ocean observational capabilities. But those who rely on the products of ocean 
science — State governments, many industries, the educational community to name 
a few — are clamoring for more comprehensive data and more advanced products. 
For the last 50 years of this century, we devoted our national attention on space, 
and properly so. We need to focus our attention in the first 50 years of the next 
century to understanding how the oceans can assist mankind in meeting its bur- 
geoning challenges. 

The Congress has already set in place a perfect mechanism for implementation 
of this kind of initiative by creating the National Oceanographic Partnership Pro- 
gram. This program provides a platform for collaborative work by the ocean re- 
search agencies, bringing together the best minds in academia, industry and the 
Federal laboratories. 

In closing, I want to thank you again for holding this hearing. Your continued 
leadership, Mr. Chairman, and the interest of this Subcommittee is sincerely appre- 
ciated by the oceanographic research community. I hope that you will consider my 
recommendations and I look forward to continuing to work with you to ensure we 
are doing everjdhing we can to make wise use of our greatest natural resource. 
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INTRODUCTION 

Mr. Chairman, members of the Subcommittee, thank you for inviting me here today to 
speak with you about deep-sea research, how we get to the deep-sea, what we see there, 
and why it is important to the Nation that we continue to be there. I will also outline the 
present status of our deep-sea technology and what is needed to continue to improve our 
research, monitoring and assessment capabilities. 

First, as an introduction, let me remind you that the importance of deep-sea submergence 
to the Nation is rooted in history. In 1940, deep-submergence, as well as the activities of 
the Institution which I represent, the Woods Hole Oceanographic Institution, changed 
dramatically with the support of the war effort. Research concerning the prevention of 
marine fouling, the effects of salinity and temperature on underwater sound, and the 
dynamics of underwater explosions ail had great pay off for our forces. In the post-war 
period, with the advent of nuclear propulsion and nuclear submarines operating for long 
periods of time in the deep “blue water,” the Nation's military strategy needed knowledge 
of the world’s deep oceans, not just our own coastal zone, and it needed undersea 
predictive capability. This need was highlighted during the Cold War, for example, by 
events such as the loss of nuclear weapons off Spain and by the loss of two U.S. nuclear 
submarines in the deep Atlantic Ocean. Such losses emphasized our need for technology 
and operational know-how for locating, surveying or salvaging items on the ocean floor, 
including military hardware. At that time, the Office of Naval Research (ONR) and the 
National Science Foundation (NSF) made significant, long-term research investments in 
the studies of ocean thermal, chemical and acoustical properties, as well as bottom 
topography. This research, ultimately, helped submariners process and assess the many 
noise sources in the sea, and enabled them to discriminate undersea threats. We now 
know that those long-term investments paid off not only for the military but for the 
academic, ocean-science community as weU. This research investment led to a 
significant improvement in our understanding of ocean dynamics and the processes 
which control how the ocean responds to the atmospheric forcing and internal changes in 
ocean stracture. 
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Clearly the government long-term investment in the early days of oceanography provided 
the model for the continued funding we have today, which comes not only from the Navy 
and the NSF, but also NOAA. With that investment, we, the oceanographic community, 
have been able to support an oceanographic infrastructure of ships, vehicles, 
instrumentation, educational curricula and above all - human talent - that is the envy of 
the world. As Director of the Woods Hole Oceanographic Institution (WHOI), I am 
proud today to represent an institution which not only has its grand share of that talent, 
but which also operates the United States National Deep Submergence Facility. With the 
financial support of the NSF, the Navy, and NOAA, this facility is comprised of world 
class vehicles - human occupied (HOVs, like A/vin) and it’s support ship. The RA^ 
Atlantis y remotely operated (ROVs, like Jason)y and autonomous vehicles (AUVs, like 
Remus). Together with deep mooring systems, these vehicles are the workhorses for 
operating scientists and technicians and provide the backbone of deep-sea data collection 
and observing capability for the Nation’s science community. 

WHAT IS THE DEEP OCEAN? 

Observing the deep ocean is as much a formidable engineering challenge as it is 
scientific. With its own special set of problems, such as changing temperatures, 
densities, and particularly the darkness and extreme pressures, attempts to measure and 
characterize these vast inner-space environments rival our attempts to do the same in 
outer space. 

The deep ocean is a world of slopes and canyons, of abyssal plains with depths greater 
than 9000 feet, and of mid-ocean ridges rising to as much as 12,000 feet. Tliese ridges 
are linked around the world into a 40,000-mile underwater mountain range, the longest 
one on earth, 2 1/2 miles beneath the sea. There are approximately two thousand sea- 
mounts on the sea floor, believed to be of volcanic origin, which rise from 3000 to 10,000 
feet. There are also valleys and trenches that vary to extreme depths. The deepest spot in 
the ocean is about 7 miles - roughly the distance you will see when you look down from 
an airplane. Yet only a few percent of the ocean floor has been explored. 

We are clearly heavily dependent on progress in technology to broaden our measurement 
view in the deep ocean. New advances in upper and deep-sea technology, as well as 
satellite and computer information technology enable us to ask questions today which we 
could not have addressed (or, perhaps, even thought oO just a decade ago. As we enter 
the next millennium, we are poised on the doorstep of an incredible, unprecedented 
opportunity to learn about the oceans and the earth, our planet. As you will hear today, 
we know what we need to learn, why, and how. We just need to do it. 

WHY IS IT IMPORTANT THAT WE GO TO THE DEEP OCEAN? 

There are many reasons why we go, and must continue to go, to the deep-oceans. It is 
where our planet earth is presently being formed, contorted, stretched and quaked - right 
now. It is likely where life may have first begun on this planet - and where we can still 
witness it beginning. Samples of its sediments, which contain the shells and skeletons of 
previously living ocean creatures, provide us with a history of previous climates and life 
forms. The deep ocean is not quiet, nor is it unchanging. There are strong currents which 
connect together all of the ocean basins. Deep ocean currents hold the key to 
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understanding the workings of the global conveyor belt that carries warm surface water to 
the North polar region in ^e Atlantic, and returns cold water to fill the deep ocean 
throughout the world. Understanding this circulation is critical to our understanding of 
possible changes in the earth’s climate. Knowledge of the physics and the chemistry of 
the oceans is also essential to understanding ocean circulation, which in turn can have 
important effects upon global weather systems. Observations hrom the deep-ocean will 
also provide us with many answers 2 d>out the changing chemistry of seawater, which 
ultimately will lead us to understand what environmental changes the ocean can sustain 
from the atmosphere, such as CO 2 . The deep-ocean is also where we are turning for new 
pharmaceuticals and biotechnology irmovations. It is also where we may need to turn for 
energy and minerals. The deep-oceans also provide the excitement of exploration and of 
the unknown, which together with all the physical disciplines, form the perfect classroom 
for our children and science. 

Let me now elaborate on some of the important reasons to be in the deep-oceans as well 
as some of the scientific discoveries that deep-sea research has brought to us and deep- 
sea technology has enabled. 

Along with the deep valleys and high mountains of the deep-sea lies the phenomena of 
plate tectonics. As you know, the earth is a collection of plates that piece together the 
unsettled mantle. Determining plate stability through measurement of plate stresses, and 
determining predictive behavior through sophisticated models may one day lead to 
forecasting earthquakes, landslides and seafloor spreading. These seafloor instabilities are 
the origins of tidal waves or tsunamis, just like the one that recently struck Papua, New 
Guinea. Seafloor sensors and satellite systems could offer early warning of an impending 
disaster by detecting seismic activity, large wave pressures, and sea level changes. Local 
warning systems could be an adjunct to such a global ocean observing system. 

These deep-sea mountain ranges are also the sites of constant volcanic activity. Nine 
tenths of all of Earth’s volcanic activity takes place on the sea floor, forming new bottom 
material, rich in deep earth minerals and toxic gasses. It is a wonder any life could exist 
there. However, through the curiosity of our scientists and their dedication to deep-ocean 
exploration, one of the most important discoveries of this century was made just 20 years 
ago. This was the discovery of the hydrothermal vents, which not only chum hot sea- 
water through them and alter its chemistry, but also provide habitats for amazingly 
abundant, exotic life forms. Ancient as this life may be, its existence provides a quantum 
leap in our knowledge about life itself. Two-thirds of these life forms have never before 
been observed. Perhaps more importantly, what this may likely provide is the key to our 
definition of “the origin of life” on our planet and the possibility of it on others. 

Hydrothermal vent systems also have particular potential for Biotechnology applications. 
In June, I was honored to be a participant at the Monterey National Ocean Conference, 
and had the pleasure of being on a panel with Thomas Mitchell, the CEO of Genencor 
International, Inc., one of the world’s leading industrial biotechnology companies. He 
described that one of the major goals for biotechnology is the identification and 
development of enzymes with special functional characteristics. In particular, because 
extreme conditions are the rule in many industrial settings, significant commercial value 
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is derived from enzymes that can flourish in those environments - like those from the 
deep-ocean. The microorganisms of the vent sites could yield enzymes, he said, that 
have significant commercial value to industrial applications. 

Going deeper still, into the sea floor with the coring capability of the international Ocean 
Drilling Progam (ODP), we find and assess the nature and origin of sub-bottom fossils 
and ancient sediments. We are able to obtain a biological and environmental record 
extending back almost 200 million years. Studies of the deep ocean bottom reveal 
extraordinary levels of biodiversity. Deep-ocean drilling has shown that microorganisms 
exist at great (tepths below the seafloor. This is a very important discovery. This 
scientific knowledge alone has lead us to double the estimates of the global biomass. Like 
the vent communities, the concept of “life” as we knew it two decades ago is changed 
forever. The fossil record in sediments also shows us that the deep ocean is not constant 
in time; major events such as past ice ages reflect the climatic consequences of the altered 
“conveyor bell.” 

Science and technology have also advanced deep-ocean salvage and archeology. This 
committee knows about the discovery of RMS Titanic. Perhaps less well known, but 
arguably more important for its societal and economical relevance, was the recent 
forensic survey of MA^ Derbyshire. This ship, a 964-foot British bulk carrier, sank in 
over 14,000 feet of water off Okinawa in a 1980 typhoon. All 44 people on board 
perished. The Derbyshire was one of more than 120 bulk carriers lost at sea since 1980 
with the loss of more than 1300 lives. The Woods Hole Oceanographic Institution was 
requested by the United Kingdom and European Commission through UK’s 
Memorandum of Understanding with the U.S. National Science Foundation to help them 
determine the cause of this tragedy. The final report offers 1 1 strong and wide-ranging 
recommendations for improving bulk carrier safety, which the managing director of 
Lloyd’s Register’s marine division said would have important implications for all other 
ship types and encouraged prompt action on its recommendations. There are several 
reasons why 1 draw the committee’s attention to this topic. The Derbyshire survey 
illustrates the value that comes from long-term investment in basic research. Here are 
tools developed with basic research funding that have enabled important scientific 
discoveries, while they also have been used to find the Titanic and to solve an 
international mystery of a bulk carrier sinking. The result of the survey will be used to 
improve ship construction standards with attendant improvements to siiety of life at sea 
and environmental quality. In the process, WHOI’s deep-sea ability to service U.S. 
scientists’ needs, our primary customers, has been enhanced with technical upgrades 
funded by the United Kingdom. 

Clearly, our deep ocean discoveries and research of the past continue to be evaluated for 
their potential to generate new and improved industries for our Nation’s economic 
engines. An additional one involves helping to quench the world thirst for oil. 


Increasing population and the large number of developing nations demanding higher 
levels of energy is pressuring the current world oil reserves. Estimates claim that it will 
threaten the availability of oil-derived energy within the next 50 years. Energy 
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companies will have to increase exploration to meet the increased demand. More 
research on the geology and physics of the Earth’s crust may offer some solutions. 

However, there is one new source of carbon based energy that has been receiving 
renewed attention by industry, the Department of Energy, and the Congress. That source 
is the phenomenon of Methane gas hydrates. They exist in vast deposits in the sea floor 
in many regions of the world. Early estimates for the United Slates EEZ alone point to 
many trillions of cubic feet of gas. locked below the sea floor in its natural state of a 
water molecule cage. These deposits, if confirmed, have the potential to provide years of 
eneigy independence. 

The potential for mineral production from the sea floor has held the imagination of 
industrial entrepreneurs for years. Manganese nodules were the target of early mineral 
extraction from the ocean floor 30 years ago, but failed to be economically viable. It is 
likely the interest could be rejuvenated in the future once new technology and market 
demands make production profitable. As you can imagine, there are many other 
opportunities for mineral production development. The periodical “The Economist” 

(May 23, 1998), reported in an article on the sea that, “Exploitation of the deep seems 
only a matter of time.” 

This short deep-ocean tour would not be complete without some note of the impact on 
education. From earliest childhood we introduce our youngsters to the wonders of the 
ocean planet through the color and biodiversity of the denizens of the deep. From the 
killer whale Willy, to the countless personalized sea creatures of children's books, we 
capture the imagination of our young people and instill in them the first elements of 
science literacy, and a respect and caring attitude for nature and for themselves in the 
family of Earth inhabitants. Since the snidy of the oceans necessarily involves all the 
physical disciplines, it is ideally suited to pull that child into the wonder of science and 
keep her there. We all know that our science and math literacy in this county could use a 
little help. If that help can be provided by studying the deep-oceans, while also imparting 
an understanding of how interdependent we humans are on the oceans, our grandchildren 
will live in a better, safer, cleaner world. 

It may go without saying, but let me urgently emphasize that we will also need 
consistently strong Congressional support for our science graduate programs so that 
those children being drawn into the science classroom can become the leaders we want 
them all to be tomorrow. We need that kind of leadership and science strength in our 
Nation to truly harness the Earth in a sustainable way for future generations. 

DEEP-SEA TOOLS; PAST, PRESENT AND FUTURE 

Before I begin a discussion of the essential tools needed for deep-sea exploration, let me 
preface that discussion with the fact that even the world’s best tools are not useful 
without the best minds asking the best questions. We are incredibly fortunate in our 
country to have many of the best minds in ocean sciences right here in the United States. 
These scientists are asking the toughest questions, and not settling for quick answers. 
They need your continued support and your long-term investment, as answers do not 
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come quickly, or, unfortunately, cheaply. This talent comprises one of our Nation’s 
biggest treasures. I believe this very strongly, Mr. Chairman, and want to make sure this 
goes on the record. 

With the financial support of the Navy and the National Science Foundation (NSF), 
WHOI led the development of the HOVs, with the design and construction of DSV Alvin, 
and the ROVs, with design and construction of the Jason/Medea family. In the 
meantime, the Navy’s deep submersibles. Sea Cliff mA Turtle, became adaptations of 
Alvin. Mr. Chairman and members of the committee, it is with great pride that we can 
say that virtually all of the world’s deep-submersible handling systems are adaptations of 
the system pioneered to handle Alvin. In addition, our tethered vehicle technology has 
been cloned and implemented in Navy deep survey systems, and ancillary and mission 
equipment, particularly camera systems, have been spun off to military applications. 

However, Mr. Chairman, we date not sit on past successes. Despite their capabilities, our 
vehicles do have shortcomings relative to available technology and relative to the needs 
of science. The following tables show where we now stand. I should add here that Japan 
has allocated this year an additional $100 million for the development of undersea 
vehicles and seafloor observatories. This is in ruldition to the already double-digit 
percent increases in their budget for ocean sciences over the last several years. We have 
work to do. 

Current Statistics 

Human Occupied Vehicles (HOVs): 


Name 

Depth Rating 

U.S. 

Alvin 

4,500 m 

Japan 

ShmJcai-6500 
6,500 m 

Russia 
{2)M!RS 
6,000 m 

France 
Nautile 
6,000 m 

Remotely Operated Vehicles (ROVs): 




Name 

Depth Rating 

U.S. 

Jason 

6,000 m 

J^an 

Kaiko 

11,000 m 

Russia 

(unknown) 

France 
Victor 
6,000 m 


I would now like to address plans for the future of the U.S. Deep Submergence Facility, 
with your help and support. 


Human Occupied Vehicles: HOVs 

The U. S. research community has repeatedly reaffirmed the need for human occupied 
vehicles (The Global Abyss: An Assessment of Deep Submergence Science in the 
United States UNOLS Report 1994: Sea Cliff Working Group Report July 1997 UNOLS 
[University-National Oceanographic Laboratory System] DESSC [Deep Submergence 
Science Committee]; “Undersea Vehicles and National Needs’’, National Research 
Council, National Academy Press, Wash. DC 1996). To quote The Global Abyss report: 
“The submersible is a valuable and necessary element of a versatile deep submergence 
investigative capability. The submersible couples the cognitive and stereoscopic 
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capabilities of the human mind with a system . . . permitting complex and interactive 
manipulations (and) . . . large payloads.” 

The limitations of Alvin are: depth (4,500 meters), endurance and power for propulsion or 
sampling. 

The Future ofHOVs 

The Navy's deep submersible Sea Cliff has just been transferred to the custody of the 
National Deep Submergence Facility (NDSF). It is understood that the federal agencies 
intend, through FOFCC (Federal Oceanographic Fleet Coordination Council), to 
underwrite the expense of an engineering study which would analyze the costs, 
feasibility, and technical alterations requited to merge the most capable feamies of Sea 
Cliff and Alvin. 

Depending upon what the engineering study produces, and the availability of funds, we 
hope this will lead to an Alvin upgrade to give it the following characteristics: 

Depth 7,000 meters 

Time of Bottom 4.5 hours 

Total Submerged Time Up to 12 hours (normally 8 hours) 

This would give HOV access to 98% of the ocean bottom; it would give the United States 
the leadership role in HOV exploration. 

Remotely Occupied Vehicles (ROVsI 

After gaining acceptance in the development mode in the early 90’ s, this type of vehicle 
is rapidly becoming the workhorse of deep-ocean science. 

Although the WHOI NDSF Jason/Medea is a good science tool having successfully 
completed many complex multi-scale operations, it lacks capacity according to the user- 
community in the following areas: depth; propulsion power; payload power for 
hydraulics, lights, cameras, manipulators; tether management to enhance on-bottom 
dexterity; and data transmission, a product of the increasingly sophisticated sensor 
packages demanded by the task. 

Future ofROVs 

WHOI has plans to significantly upgrade the Jason/Medea ROV while taking advantage 
of the national investment in tether cable systems in the U. S. oceanographic fleet. These 
fiber optic, steel armored cables and their associated winch handling systems represent a 
huge investment and have significant untapped capacity. The characteristics of an 
upgraded Jason/Medea system will be: 

Depth Greater than 7,000 meters 

Time on Bottom Greater than four days 

Payload Power 5 kW 

Propulsion Power 21 hp 

Manipulator(s)Heavy lift / user-friendly 
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We believe these upgrades should begin immediately and they will take about two years 
to complete at a cost of about $2.5 - 3.0 million. 

Autonomous Underwater Vehicles: (AUVs) 

This is an age in which small underwater robots, so-called AUVs, will be available to 
compliment and supplement other tools and vehicles. HOVs and ROVs are superb tools, 
but they have in common one major drawback - they must have on-scene support ships 
available. 

The AUV offers the ability to stay behind after the support vessel has departed. 

Equipped with a wide variety of sensor systems from magnetometers to cameras, sonars 
and chemical/temperature sensors, these vehicles can run a wide variety of mission 
profiles ranging from planned surveys to “event responses”. Examples of the later might 
include conducting temperature and chemical sampling after an underwater volcanic or 
seismic event or sampling a sewage outfall pipe after a large rainstorm. Of note, AUVs 
also have numerous military applications such as mine hunting and special warfare. 

AUVs will be an essential part of future ocean observatories. They are oceanography’s 
equivalent of a Mars Rover, only the tasks are harder, the operating environment is more 
hostile and available development ftmding is much less. 

SUMMARY 

In summary, Mr. Chairman, that is how I see where deep ocean science has been and to 
where it should proceed. We need to C 2 q>italize and build on the expertise of today’s 
people and technology to produce a robust capability for tomorrow. There is a 
tremendous amount we still don’t know about our own planet, so we have a lot of work to 
accomplish. We have the minds, the questions and the technology at our doorstep. Who 
knows where our exploration will lead? What new discoveries lie ahead? If the last 
thirty years is any indication, the discoveries will have great benefit to the Nation and the 
world. If we want to manage, protect and use our planet wisely, we need to understand 
how it works. To accomplish this,we need your support and help. 

Thank you. 
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Mr. Chairman, members of the Subcommittee, thank you for inviting me 
to testify on the status of oceanographic monitoring and assessment. I particularly 
thank the Chairman for his long-standing interest in this subject. 

On land we take for granted continuous, real-time, high resolution 
information provided by our senses; what we see, hear, or smell. Our presence in 
terrestrial environments provides us with a high proportion of the information 
needed to assess fundamental environmental and ecosystem processes. This 
information is placed in a spatial and temporal context by modem satellite 
technology and weather stations, and steadily improving maps of changes in 
weather, topography, land use, and habitat characteristics. We have increasingly 
accurate forecasts of weekly, interannual, and even decadal variation. We are not 
so fortunate when we try to predict ocean processes, lacking the common-sense 
view of our environment that is readily available on land. 

The ocean is a relatively unknown, dangerous, unpredictable, and 
unmanageable place. Despite this, the livelihood and security of nations has long 
depended on their sea-faring abilities. Efficient, safe, sea transportation is a 
requirement for the economic success of our ports and coastal economies. We 
need better prediction of coastal hazards including storms, coastal erosion events, 
harmful algal blooms, and oil spills, or even when and where to spend a pleasant 
day fishing or swi mmin g. Naval commanders need to understand as much as they 
can about their surroundings at all times, especially in initially unfamiliar 
environments. Natural variability is poorly understood so that it is relatively 
difficult to measure the effects of pollutants or other human-induced change. 
Ocean ecosystems are said to provide the greater part of the services needed to 
sustain our society, yet the mechanisms controlling the delivery of these services 
are poorly known. 
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We need better-informed managemenE of all of our activities with respect 
to the marine environnicat For example, we have inadvertently allowed our 
fisheries resources to decline and cannot adequately predict rates of recovery. We 
have some general knowledge of the habitats of some species, but, it is difficult to 
imagine the daily experience of individual fish especially at the various stages of 
their growth to adulthood. It is hard to imagine being a fish buffeted by strong 
waves and currents, let alone a hurricane. For those species making a home in 
bottom sediments, how do they respond when the surrounding sediment is swept 
away? How do individuals use their senses to interact with one another, sense 
predators and prey, or navigate to new habitats? 

Whenever we have had a more continuous presence in the marine 
enviroranent, we have made significant le^s in understanding. Field experiments 
on rocky shores have shown that interactions among individuals are as important 
as physical measures in determining where plants and animals live. Coral reef 
scientists began to better understand the reef environment and the .sennas changes 
that are occurring on reefs when they started to make observations underwater on 
a daily basis. I have personally been involved in the revolution in understanding 
life in the deep-sea from use of maimed submersibles, such as ALVIN, and the 
long-term bottom stations it allows us to visit. Since it was established in 1989, 
the Institute of Marine and Coastal Sciences at Rutgers University has made a 
commitment to obtain high resolution, long-term measurements firom a broad 
corridor of marine and coastal habitats, from the watershed of the MulHca River to 
the deep sea, using a series of Long-term Ecosystem Observatories, or LEOs. 

Our most intensive studies have been at LEO-15 (1 5m depth), an area on 
the inner part of the continental shelf off Tuckerton and Little Egg Harbor, New 
Jersey. Ju.st a.s meteorologists monitor present weather conditions and use a 
combination of observations and computer models to generate weather forecasts, 
Rutgers oceanographers are using an observation network to monitor the coastal 
ocean and computer models to forecast its daily changes. The observing system is 
serviced by an electro-optical cable that nuis under the coastal waterway and 
under the ocean floor to connect two underwater nodes to the Rutgers University 
Marine Field Station, and from there to the Internet. The system transmits video, 
sound, and data on light, temperature, salinity, currents, wave height and period, 
sediment transport, plankton blooms, and a broad variety of chemical 
characteristics from numerous sensors that move up and down in the water, or are 
plugged into the nodes on the bottom. Docking stations allow autonomous robotic 
vehicles to sample along transects away from each fixed site, and to return to 
download data and repower batteries. Boats and divers visit the site on days when 
the weather is good, and a satellite dish provides broad-coverage of sea surface 
characteristics (temperature, ocean color when it i.s not cloudy, and surface 
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roughness). Shore stations using high-fiequency radar provide patterns of surface 
currents, and provide data on wcatlicr in the immediate vicinity of LEO-15. 

(Figure attached) 

Our requirements for the observatory were ambitious; 1) continuous 
observations at frequencies from seconds to decades, under all conditions, 2) 
spatial scales of measurement from millimeters to kilometers, 3) practically 
unlimited power and broad bandwidth two-way transmission of data and 
commands, 4) an ability to operate in storms, 5) an ability to plug in any type of 
new sensor, including cameras, acoustic imaging systems, and chemical sensors 
and operate them over the Internet, 6) bottom-mounted winches that cycle 
instruments up and down in the water, either autonomously or on command, 7) 
docking stations for a new generation of autonomous robotic vehicles to 
download data and repower batteries, 8) an ability to assimilate data into models 
and make three-dimensional forecasts of the environment, "9) means for making 
the data available in real time to schools and the public over the Internet, and 10) 
relatively low cost relative to the cost of building and maintaining manned above- 
and below-water systems. All of these objectives have been achieved during the 
last few weeks of intensive operations at LEO- 1 5 (see news articles in U.S.A. 
Today (7/21/98) and the Philadelphia Inquirer (7/22/98) attached). 

We expect to add additional observatories at intervals across the 
continental shelf and into the deep sea. Additional observatories along the coast, 
such as that proposed by Woods Hole Oceanographic Institution off Martha’s 
Vineyard, will add another dimension to what we hope will eventually become a 
globd system. This work has been supported by the National Science Foundation, 
NOAcA National Undersea Research Program, OfBce of Naval Research, and, in 
the Itist year, by three grants from the National Ocean Partnership Program. Our 
most recent grant will transfer the lessons learned from LEO-15 in 1998 and 1999 
to a program using a combined observation and modeling system to predict 
harmful algal blooms in the Gulf of Maine in 2000. 

The components of a national ocean observing system will vary depending 
on location. In Japan, underwater observing systems similar to LEO- 1 5 have been 
used for ocean bottom seismographs to predict earthquakes. Recently, they have 
been adapted to provide a broader array of environmental measurements. For 
some time, deep-sea geologists and biologists have planned to make the self- 
contained ecosystem of a hydrothermal vent into an observatory, and this goal 
may now be achieved with support from the National Ocean Partnership. In our 
ports, environmental monitoring systems could yield real-time usefr.il information 
to harbor pilots and sewage treatment plant operators, early warning of harmful 
algal blooms, and alarms if fuel or other chemicals are spilled. These systems 
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would monitor the natural environment and make us aware that these ecosystems, 
despite their heavy use, arc worth protecting. By making the data available on the 
Internet and storing data in geographically-referenced systems, local watershed 
associations and the public can better appreciate their local marine environment 
and be alerted to the problems caused by out-of-site, out-of-mind approaches to 
management. At our beaches, observing systems will continuously monitor wave 
patterns and characteristics, alert us to waste disposal failures, predict storm 
effects, and measure sand movements so that we may better understand the causes 
and potential means for controlling beach erosion. 

Intensive, long-term biological moititering requires an improved global 
context for designing sampling programs. From satellite ocean color data, it has 
been possible to map estimates of phytoplankton productivity over the entire 
ocean. From sea surface temperature, sea .surface height, and arrays of current 
meter mootings, better maps of global ocean circulation have been made 
available. High resolution maps of the sea floor, such as those used to find the 
first hydrothermal vents, are being produced. For the first time, we have 
continuoas maps that can be used as a reference for sampling the distribution of 
plant and animal species, as well as measuring global change. The rich biota on 
the ocean floor are aimo.st entirely unknown and, with support from the Sloan 
Foundation, scientists are asking what sort of observing system would be required 
to produce a global census of the fishes in the ocean. 

At only a fraction of the costs of investigating space, or the terrestrial 
environment, we can provide the observations needed to maintain ecosystem 
services from the ocean, enrich science education in our schools, and bring a 
greater consciousness of the ocean into our daily lives. I strongly urge you to 
support, through individual agencies and the National Ocean Partnership Program, 
the further development of a nationeU and global ocean observing system. 
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LaD takes Dig piim 

N.J. station delivers constant data 


Bv Paul Hovef3ten 
USA TODAY 

Six miles off the coast of New 
Jersey in cx:ean 50 feet deep, an 
odd assomnent of roboric sen- 
sors bobs and weaves like a cu* 
nous sightseer among the fisn 
and seagTTLss. 

Some of the devices poke 
periscopeltke through the 
depths on tethers tied to stain- 
less-steel shells on the sea Boor. 
Others swim freely like banery- 
powered minisubs with head- 
lights to pierce the darkness. 
StiU others are cowed through 
the brine by boec rising and fil- 
ing in the current 
It seem like an aquaoc 
ballet in search of a chorrogra- 
pher, but this frenzied dance is 
pan of the largest and most so- 
phisticated unmanned under- 
water laboramry in the world. 

Every secofxl, via 6-mile ca- 
ble, the robotic sentinels send 
data including water temper- 
anire. surf condihons. fish pop- 
ulations and wave size to Rutg- 
ers Universiry's Marine Field 
Station m Tuckerton, NJ. There, 
scientists pote over the dau to 
develop better scientific models 
of how vital coastal areas 
Change over dme. 

“We want to do with the 
ocean what >ou see people do 
with weather ibrecasong,* s*^ 
Fred Grassle. direatv of Rul- 
ers' institute of Marine and 
Coastal Sciences and oxbun- 
der of the lab. 

A substantial payoff ia expect- 
ed Two-thirds of the US. pop- 
ulation lives near coastal areas, 
making it increasingly inipoT- 
tanr fw sdenrists lo better un- 
demtand the forces that shape 
the oceans and marine life and 
to learn the roles that human 
activities pl^ in the mysteries 
of the sea. 

What, for instance, causes 
great blooms of plankton to 
suddenly thrive in the ocean 
and consume oxygen that% es- 
sential for raanne speaes? Wlqr 
is the water warmer at one 
beach and colder at another on 
the same day? Why do -wowr 
quality, clanty and color wy 
greatly at different depths with- 
in the same column of sea wa- 
ter. and what do those differ- 
ences mean for humans? 
Where do fish go when hurri- 
canes bear down? 

Scientists hope to learn the 
answers to these and other 
quesboRs through a sustained, 
systematic stuefy of a single un- 
derwater site. Until now. t^’ve 
had 10 rely on ships, szteiiites 
and a few buoys. 

‘To really understand the 
ocean, >ou need to go in there 
and stay for a long time.' Grass- 
te says, "tf you're on land and 
walking Into a forest, you have 
some of the same senses sights 
dnd :>mclls as the arumais Lhere 



\bu can hear what 
they're hearing and 
see what they're 
seeing. 

"In the ocean, 
you're in a strange 
envirtHiment. and 
it's hard to get a 
good context of 
whai's happening in 
the systtm. We're as 
about what 
happens on the con- 
tinental shelf as v« 
are the deep sea.’ 

The ’laboratory* 
where Grassle a,nd 
othera have set up 
(heir instnunenis is 
a sandy underwater 
ridge about 2'/i C^-toundan FradGnssto uye LEO-i5is a 
miies long and half slap towanl fcracasting oceanc asMcy. 
a mile wide in At- 
lantic Ocaan waters Smiles east LEO-l 5. Annual operaing costs 
of Utde Egg Inlet. are tl.5 million, runded mostly 

by the National Science Fbun- 
Wired underwater dation, ofnee of Naval Re- 
search. National Oceanic and 
Fjst considered, then reject Atmospheric Administration, 
ed for a floadttf nuclear power and Department the Interior, 
plant bithe 1970s, he ridge to- LEO-15 began operenng on a 
day is home to LEO-15, short for modest scale m August 1 996 
Long-Term Ecosystem with two instruments called 
(^s«"vatQry-15 meters deep. ’nodes’ that sit a mile apart on 
With LEO-15, scientists lit- the sea floor and are cocineaed 
erally have wired the ocean for by cable to shore, 
sight and sound. For the Rrst in each stainless-steel node is 
bmc. th^ have 2-i hour access a but^t device operated by 
to a wide 5w^ of sea in virtu — an electric winch that is cor- 
ally every weather condiiiorti aoBed via the Internet. The de- 
imaginable. even during a mg- vice rises like a periscope lo 
ing nurricane. .All the data are ^uge the temperature, salinity 
real-time and available on the and chlorophyU count at differ- 
Intemet at inanne.rutgers.edu. enc d^ths. 

Crwsle and Chris von Alt of This summer. LEO-15 has 
the Wfoods Hole Oceanographic grown to include a small robot- 
institution in Woods Hole, ic submarine developed by von 
Mass-, first dreamed up LEO-15 All. It can dock, recharge its 
m 1986 during a conversation batteries and Lransnnii data, all 
about how to mine the ocean for while underwater. The sub- 
more data. mersible. called REMUS- ror 

But it vrasn’i until 1994. when Remote Environmental Moni- 
a SI million grant came through toring Units, made its first suc- 
from the National Science cessful docking last week ai cne 
Foundation, that the plan took of the LEO-15 rooes 50 feet be- 
root. Today. LEO-15 is a low the surface. 

S4 million project with -10 to 50 "That's ihe first time the-es 
researchers, including dive ever been a successful dockins 
teams to clean and maintain in t.he open ocear. ' bv such a 
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ge as part oi aquanc me 


All about UEO 


i=^utgers Urwarsity'sLHOlS stands ter Lortg-Tamt Ecooystam OdMrvatDry: 15 motvs 
deeo. 1 uses seft>floor stations and suOtnersibla robots to orovide tne wwtd's frst 
continuous study of changes in ooma eondtiena — In real tima over the Intsmot. 


(31 

■Additional ocean data oxneftotTi ~ 

ihree National OceanograpWc and ■ — 

Atmosphere Administration satellites in a 
oolar orbit 22,300 miles above earth. The sateliitee 
measure wator temperature, color ar>d surfaca 
'oughness. 




3aat-mwdvclMe3(2) 

One ts towed at the surtace and 
neasures cuirent movements from top 
ro bottom. 

► Another ftioves from the ocean surface 
to the bottom and takes samples of 
water terrxierature. sart content 
a- Id water clarity. 





Undersea caUa 

Links the two nodes to the 
Autgers Marme Field Station 
in Tockerton. NJ.. by an 
electro-optic cable that is 6.6 
mtles long. The buned caaie 
contains cptcai fibers to 
transfer data and copper wires 
to transfer power to the node& 


icurcaa ^lepe n inedma al 




Saa^loor observatory or “node" (2) 

^ Contains vertical sensors that can be raised or 
lowered to onferent depths by means of an electrical 
winch on the r^ode. Controltm send commands to 
it via the Internet to record such data as water 
temperature, salinity and oxygen concentration. 

> Has a video camera to provide continuous images 
of the sea fioor. 

► Has two "hyCfophones- that relay 
sounds of manne life and ocean 
environment 

hign-resoluTion scanning 
acoustic sensors to 
currents. 


about 
SO Feet 


SuimrsUirabet 

e Called REMUS (Remote 
Environmemal Monitoring 
UnitsL 

> Can travel a precrogrammed 
txrdvo as ^ as 1 2 miles from 
the undersea observatory. Can 
be commanded vis ihe intsmet. 

> Unguesensers can colect data 
on the water cokimn. both 
above and below it. Data are 
stored on board and then 
downloaded wnen the vehicle 
raturrts to its docking port. 



craft, von Alt says. His team has 
hod to struggle with hauling the 
submersible Out to LEO-IS by 
l)ou:. dropping it in the water, 
■“ir'sving it at day's end and re- 
'I'lisng it to shore. , »- 

' that the submeisibie cart 
i.i'Ck and undock fraa^rts un- 
c>^rv.uer mooring, *it's sort of 
i.r^ giv ing the keys to the car to 
one of >xHir kids.' von Alt says, 
''tbu're saying 'OK, you're on 
y-'>ur own.' ' 

eventually, Che laboratory 
I "iy have five or more submws- 
iL'ics. each of which could roam 
Lir ;u 6 miles from base and 
bac-s. --n a single battery charge. 

.'Aou this year, scientists be- 
gan cowing two kinds of instru- 
mented platforms through the 
water to measure currents and 
water quality. The tuwed vehi- 
cles make the rounds from May 
'o August, when the water is 


■warm and rich m nutnents. 

A sea of knowled^ 

Other undersea observa- 
tories exist around (he workL 
including those in CalifoiTiia’s 
-Monterey Bay and off the coast 
of Japan. But none has the 
range of capabilities that 
LEO-15 has. .An observatory is 
planned to be built off the 
Island of Hawaii this summer 
and another, a smalier sisfer of 
LEO-15, is CO be installed in 
2000 In Katama Bay, off Mar- 
tha's Vineyard, Mass. 

LEO-15 alr^dy is paying sd- 
entific dividends. Researchers 
are learning more, far example, 
about the summerrune flood of 
nutrients off New Jersey that 
can scare off marine Life by rob- 
bing the water of air. 

Data from LEO-iS indicate 


the nutrient boost occurs natu- 
rally. regardless of what hu- 
mans do on land. Research by 
others had suggested that sew- 
age drains and fertilizer runoff 
from farms were ax fault. 

The nutrierrt phenomenon is 
sifnuar to what happens in the 
Gutf of Mexico whm plankton 
blooms pouring in from the 
Mississippi River oeate a sea- 
sonal zone' that kiUs bM- 
KxTKhvelling or^misms. 

"Vfe’re finding out atxxit the 
processes that are controlling 
this upweUing of nutrients,^ 
Grassle says. That is the basis 
far most of the coastal iisheries. 
and we've gotten a more de- 
tailed picture of it this than 
ever before.” 

The lab also is studying the 
heaidi of surf clams, the biggest 
fish «7 in New Jersey's seafood 
industry and source of most or 


the nation^ ciam chowder. 

Scienrist.s are beginning to 
understand conditions in which 
surf clams cluster in a ■‘settle- 
ment.* as well as which condi- 
tions ore favored by predators 
like srvails and siarfi^. 

'If you stay at a place long 
enou^. you begin to peel away 
the onion.' von Alt says. 

To expand farther out to sea. 
researchers say. requires only 
the depicyment of more nodes 
and cable. The cable could be 
hooked up to LEO-1 5 like a long 
extension cord. 

see this as an observa- 
tory that will be here indefinite- 
ly.” Grassle says. 'AV-e're made a 
commitment :o it. and people 
want to know w hai i happening 
in the ocean. .Ail of our ocexns 
have to be managed, and 
have to be much smaner about 
how we do -t.' 
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Little Flipper robots to study ocean 



Fred Grassie dicks on the Rutgers University Marine Field 
Station Web site at http:/ / manne. rutgers.edu for data. 


ROBOTS from Fl 

near Tuckerton. 

Meanwhile, voa AU and a team of 
five other Woods Hole engineers 
built the fleet of robots. The team 
brought them to the Jersey Shore 
two weeks ago and began training 
them to obey their commands. 

The big goal last week was to get 
them to dock into a port, or "ga- 
rage” as Grassle calls it, which the 
researchers attached to one of Uie 
stationary nodes. 

Sventualiy, if all goes as planned, 
the robots will swim courses of up 
to 13 miles. When done, they will 
automatically dock in the garage, 
release their data, and recharge 
their batrenes. 

They can’t quite do that yet. 

Last week, engineers Tom Austin 
and Mike Purcell were spending 
their days m a small rubber-sided 
‘ boatr-'Chrowing the robots over- 
board and trying repeatedly to get 
them to dock. A few times, they lost 
track of the robots and had to 
search for them fur an hour or so. 

At first the robots missed the ga- 
rage at least four out of every five 
tries. Eventually, their success rate 
improved as- the engineers tuned up 
the robots' electronic circuits. 

"We’re not quite ready to let the 
kids go out with :he car Keys," voa 
Alt said. He and his colleagues are 
taking the robots back to Woods 
Hole in a month for more work be* 
fore they are established as perma- 
nent parts of the project. 

In the meantime. Grassle said the 
stationary parts of the LEO-15 proj- 
ect would allow them to begin, mak- 
ing predictions of. underwater 
• "weather,”’ which can be as tempes- 
tuous as It is above the surface. 
Masses of warm and cool water roU 
through like fronts, and occasional 
””upwelliags'” of cold deep water can 


Rill thousands of creatures. 

The robots also wiu be able to 
keep tabs on changes that might be 
caused by pollution. A better under- 
standing of the sea might have pre- 
vented the planned dumping of 40 
million tons of sewage sludge into 
the deep sea off the New Jersey 
coast during the late 1980s and early 
1990s. 

Some scientists had argued that 
by using the deep pan of the ocean 
more than 100 miles from the coast, 
the wastes would quickly disperse 
to harmlessly small concentrations. 
But further sampling done by 
Grassle and others showed that tox- 
ins in the sludge fell to the bottom, 
home to hundreds of species of 
plants and animals. 

Thai dumping has since stopped. 


Increasingly, robots are working 
as proxies for human scientists and 
explorers — a tactic that may save 
money and spare lives. Under the 
current plan, before any astronauts 
ever reach Mars, scores of robots 
such as the small ■’Sojourner" will 
roll over its rocky surface. 

Ocean explorers sometimes com- | 
plain that their field lacks the big 
money and glamour of space travel, 
but the two areas may soon merge 
when NASA begins to explore Euro- 
pa, a moon of Jupiter that just might 
harbor an ocean beneath an icy 
crust. Woods Hole’s von Alt has 
been consulting with .NASA on de- 
signs for robots that could plunge 
beneath the ice and perhaps search 
for signs of alien manne life. 


o 


